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Chapter 1
Introduction
1.1 Historical background
D i s t u r b a n c e s  of c a l c i u m  m e t a b o l i s m  i n  h u m a n s  d u e  to 
s e a s o n a l  c h a n g e s  i n  p h o t o p e r i o d  h a v e  b e e n  n o t e d  in the 
l i t e r a t u r e  for m a n y  h u n d r e d s  of y e a r s  ( N o r m a n  1979). T h e  
s k e l e t a l  d i s e a s e  a s s o c i a t e d  w i t h  l o w  e x p o s u r e  to s olar 
r a d i a t i o n ,  r i ckets, w a s  f i r s t  d e s c r i b e d  b y  D a n i e l  W h i s t l e r  
of L e i d o n  i n  the N e t h e r l a n d s  in 1645, a n d  i n d e p e n d e n t l y  b y  
P r o f e s s o r  F r a n c i s  G l i s s o n  of L o n d o n  i n  165G (Hess 1929). 
B u t  H e s s  has s u g g e s t e d  t h a t  the e a r l y  w r i t i n g s  of S o ranus, 
a p h y s i c i a n  in t h e  G r e c o - R o m a n  e r a  (c i r c a  1 0 0 - 2 0 0  A . D . ) 
g a v e  t h e  f i r s t  r e c o g n i z a b l e  a c c o u n t  of  t h i s  d e b i l i t a t i n g  
b o n e  di s e a s e .
L i t t l e  p r o g r e s s  w a s  m a d e  o n  u n d e r s t a n d i n g  the 
e t i o l o g y  o f  the d i s e a s e  r i c k e t s  u n t i l  t h e  e a r l y  20th 
c e n t u r y ,  b u t  it d i d  b e c o m e  c l e a r  t h a t  t h e  d i s e a s e  w a s  n o t  
l i m i t e d  to w e s t e r n  E u r o p e ,  a n d  H e s s  w r o t e  in 1929 t h a t  the 
i n c i d e n c e  of r i c k e t s  w a s  e q u i v a l e n t  to a m a p  o f  s u n l i g h t  
d e f i c i e n c y .  M o r e  r e c e n t l y  though, m a n y  p a p e r s  h a v e
1
2e m e r g e d  d e s c r i b i n g  r i c k e t s  a n d  o s t e o m a l a c i a  i n  c o u n t r i e s  
n o t  t h o u g h t  of for d e f i c i e n c i e s  in sunli g h t ,  s u c h  as 
Gree c e ,  S a u d i  A r a bia, India, S o u t h  A f r i c a  a n d  t h e  s o u t h e r n  
U n i t e d  S t a t e s  ( L a p a t s a n i s  e t  al. 1968, S e d r a n i  et  al.
1983, R a g h u r a m u l u  a n d  R e d d y  1982, P e t t i f o r  e t  al. 1978, 
O m d a h l  et  al. 1982).
N o r m a n  (1979) h a s  o u t l i n e d  t h e  h i s t o r y  of p r o p o s e d  
c a u s e s  of t h e  d i s e a s e  ri c k e t s ,  w h i c h  r a n g e d  f r o m  g e n e t i c  
a n d  i n f e c t i o u s  f a c t o r s  to l a c k  of e x p o s u r e  to  U V  rays of 
s u n s hine. I t  w a s n ' t  u n t i l  t h e  e a r l y  2 0 t h  c e n t u r y  t h a t  
d e f i c i e n c i e s  of c e r t a i n  e s s e n t i a l  d i e t a r y  f actors, 
m i c r o n u t r i e n t s ,  w e r e  p r o p o s e d  as t h e  c a u s e  of c e r t a i n  
d i s e a s e  states. I n  1913, M c C o l l u m  a n d  D a v i s  p u b l i s h e d  
t h e i r  c l a s s i c  s t u d y  w h i c h  s h o w e d  t h a t  a s u b s t a n c e  f o u n d  
n a t u r a l l y  in b u t t e r f a t  a n d  c o d  l i v e r  oil, w h i c h  t h e y  
c a l l e d  v i t a m i n  A, w a s  e s s e n t i a l  t o  t h e  g r o w t h  a n d  h e a l t h  
of a n imals. S i r  E d w a r d  M e l l a n b y  w a s  n e x t  a b l e  to 
e x p e r i m e n t a l l y  p r o d u c e  r i c k e t s  in  d o g s  a n d  t h e n  c u r e  t h e  
d i s e a s e  w i t h  c o d  l i v e r  oil, a t t r i b u t i n g  t h e  r e c o v e r y  to 
t h e  d i e t a r y  factor, v i t a m i n  A  ( D e Luca 1979). B u t  M c C o l l u m  
r e c o g n i z e d  t h a t  v i t a m i n  A  w a s  n o t  t h e  o n l y  g r o w t h  f a c t o r  
f o u n d  in  c o d  l i v e r  oil. H e  p e r f o r m e d  a n  e x p e r i m e n t  
w h e r e b y  h e  d e s t r o y e d  t h e  v i t a m i n  A  g r o w t h  f a c t o r  b y  
h e a t i n g  t h e  o i l  i n  t h e  p r e s e n c e  of  o x y g e n ,  b u t  the 
r e s u l t a n t  o i l  r e t a i n e d  its a n t i - r a c h i t i c  p r o p e r t i e s
3( M c C o l l u m  e t  al. 1922). M c C o l l u m  c o i n e d  the t e r m  for this
f at s o l u b l e  o r g a n i c  m i c r o n u t r i e n t  as v i t a m i n  D.
T h e  c o n f u s i n g  c o n n e c t i o n  b e t w e e n  s u n l i g h t  a n d  t h e  fat 
s o l u b l e  v i t a m i n  D f o u n d  in c o d  l i v e r  o i l  w a s  m a d e  in
s t u d i e s  b y  C h i c k  e t  al. in 1923, w h o  f o u n d  t h e y  c o u l d  c u r e
r i c k e t s  in  h u m a n s  w i t h  e i t h e r  s u n s h i n e  or w i t h  e x p o s u r e  to 
a r t i f i c i a l  U V  light. T h i s  a n o m a l y  w a s  f i n a l l y  e x p l a i n e d  
w h e n  G o l d b l a t t  a n d  S o a m e s  in 1923 s h o w e d  t h a t  U V  
i r r a d i a t i o n  of r a c h i t i c  ra t s  p r o d u c e d  a s u b s t a n c e  in t h e i r  
l i v e r s  w h i c h  c o u l d  b e  e x t r a c t e d  a n d  f e d  to o t h e r  r a c h i t i c  
r a t s  to c o r r e c t  t h e i r  d i s e a s e  ( D e Luca 1979).
T h e  f i r s t  c h e m i c a l l y  p u r e  v i t a m i n  D  c o m p o u n d s  w e r e  
i s o l a t e d  in  1932 b y  W i n d a u s  et  al. a n d  i n d e p e n d e n t l y  b y  
A s k e w  et a l . , f r o m  a n  i r r a d i a t e d  p l a n t  s t e r o i d  c a l l e d  
e r g o s t e r o l  (DeLuca 1979). F o r t i f i c a t i o n  of m i l k  w i t h  
e r g o s t e r o l ,  o t h e r w i s e  k n o w n  as v i t a m i n  D 2 , w a s  b e g u n  s o o n  
a f t e r  in t h e  U n i t e d  S t a t e s  a n d  th i s  l e d  to  a d r a m a t i c  
r e d u c t i o n  in t h e  i n c i d e n c e  of r i c k e t s  in  th i s  country. 
S u b s e q u e n t l y  d u r i n g  t h e  3 0 's a n d  4 0 's, a n o t h e r  a n t i ­
r a c h i t i c  c o m p o u n d  w a s  i s o l a t e d  f r o m  f i s h  o i l s  a n d  l a t e r  
f r o m  i r r a d i a t e d  h u m a n  skin. T h i s  c o m p o u n d  c a m e  t o  b e  
k n o w n  as v i t a m i n  D 3 a n d  its c h e m i c a l  n a m e  is 
c h o l e c a l c i f e r o l .  T h i s  c o m p o u n d  is n o w  u s e d  m o r e  o f t e n  to 
f o r t i f y  f o o d s  b u t  b o t h  v i t a m i n s  D 2 a n d  D 3 h a v e  b e e n  f o u n d
4t o  b e  e q u a l l y  p o t e n t  i n  humans. E x p e r i m e n t s  i n  t h i s  a r e a  
a r e  s t i l l  ongoing.
W h i l e  e x p e r i m e n t s  i n t o  t h e  c h e m i c a l  p r o d u c t i o n ,  
i s o l a t i o n  a n d  p u r i f i c a t i o n  of v i t a m i n  D c o n t i n u e d ,  a 
b e t t e r  u n d e r s t a n d i n g  of t h e  p h y s i o l o g i c a l  i m p o r t a n c e  of 
t h e  v i t a m i n  w a s  t a k i n g  place. I n  t h e  1 9 3 0 's a n d  1 9 4 0 's 
t h e  r o l e  of v i t a m i n  D i n  t h e  i n t e s t i n a l  a b s o r p t i o n  of 
c a l c i u m  a n d  p h o s p h o r u s ,  a n d  its i m p o r t a n c e  i n  p r o m o t i n g  
r e n a l  t u b u l e  r e a b s o r p t i o n  of c a l c i u m ,  w a s  b e i n g  
d i s c o v e r e d .  V i t a m i n  D w a s  t h o u g h t  to p l a y  a d i r e c t  r o l e  
i n  n o r m a l  b o n e  f o r m a t i o n ,  b u t  f u r t h e r  s t u d y  d e t e r m i n e d  
t h a t  it a i d e d  b o n e  f o r m a t i o n  i n d i r e c t l y  b y  e l e v a t i n g  s e r u m  
c a l c i u m  a n d  p h o s p h o r u s .  D u r i n g  t h e  1950's, w i t h  the 
p r o d u c t i o n  of r a d i o l a b e l e d  v i t a m i n  D c o m p o u n d s ,  it w a s  
d i s c o v e r e d  t h a t  v i t a m i n  D a l s o  a s s i s t e d ,  a l o n g  w i t h  
p a r a t h y r o i d  h o r m o n e ,  in  t h e  m o b i l i z a t i o n  of c a l c i u m  a n d  
p h o s p h o r u s  f r o m  b o n e  (DeL u c a  1979, N o r m a n  1979).
1.2 Vitamin D: photoproduction, regulation, 
metabolism and function
1.2.1 Photoproduction of vitamin D3 in skin
T h e  p r o d u c t i o n  of v i t a m i n  D 3 f r o m  p r o - v i t a m i n  D (a 
c h o l e s t e r o l  p r e c u r s o r )  i n  t h e  e p i d e r m i s  a n d  d e r m i s  h a s  
l o n g  b e e n  t h o u g h t  as t h e  m a j o r  w a y  in w h i c h  h u m a n s  get
t h e i r  v i t a m i n  D  ( S t a n b u r y  1981). It has r e c e n t l y  b e e n  
s h o w n  t h a t  t h e  s k i n  is a l s o  a s i t e  for r e g u l a t i o n  of 
e n d o g e n o u s  v i t a m i n  D  p r o d u c t i o n  ( H o l i c k  1981. H o l i c k  e t  
al. 1981). E x p o s u r e  of s k i n  to  U V - B  r a d i a t i o n  ( s p e c t r a l  
r a n g e  2 9 0 - 3 1 5  nm) p r o d u c e s  p r e v i t a m i n  D 3 f r o m  the 
p r o v i t a m i n  D, 7 - d e h y d r o c h o l e s t e r o l  (Fig.l). I n  o r d e r  for 
t h i s  to  h a p pen, a p h o t o n  of l i g h t  is a b s o r b e d  b y  7- 
d e h y d r o c h o l e s t e r o l  w h i c h  c a u s e s  t h e  c l e a v a g e  of the C g - C ^ Q  
b o n d  of t h i s  m o l e c u l e .  W i t h  t h e  a d d i t i o n  of b o d y  heat, 
p r e v i t a m i n  D 3 i s o m e r i z e s  t o  v i t a m i n  D 3 .
E x c e s s  s u n l i g h t  e x p o s u r e  d o e s  n o t  l e a d  t o  e x c e s s i v e  
a n d  p o t e n t i a l l y  t o x i c  a m o u n t s  of th i s  v i t a m i n  in 
c i r c u l a t i o n ,  b u t  r a t h e r  l e ads to t h e  p r o d u c t i o n  of two 
c h e m i c a l l y  i n e r t  p r o d u c t s ,  l u m i s t e r o l  a n d  t a c h y s t e r o l  
( H o l i c k  et al. 1981). If l e v e l s  of p r e v i t a m i n  D 3 drop, 
b o t h  l u m i s t e r o l  a n d  t a c h y s t e r o l  c a n  a b s o r b  l i g h t  a n d  a g a i n  
b e c o m e  p r e v i t a m i n  D 3 t h u s  h e l p i n g  to m a i n t a i n  a s t e a d y  
s t r e a m  of v i t a m i n  D  p r o d u c t i o n .  E x c e s s  l u m i s t e r o l  a n d  
t a c h y s t e r o l  c a n  b e  s l o u g h e d  off d u r i n g  t h e  n a t u r a l  s k i n  
t u r n o v e r  p r o c e s s e s  ( H o l i c k  1985a). T h u s  t h e r e  are 
a d a p t i v e  m e c h a n i s m s  i n  t h e  s k i n  to  r e g u l a t e  a s o m e w h a t  
s t e a d y  f l o w  of n e w l y  f o r m e d  v i t a m i n  D  i n t o  c i r c u l a t i o n .
T h e  s t o r y  o n  p r o d u c t i o n  of v i t a m i n  D  c o m p o u n d s  i n  t h e  s k i n  
is n o t  y e t  c o m p l e t e  a n d  H o l i c k ' s  g r o u p  r e c e n t l y  i d e n t i f i e d  
a n e w  p r o v i t a m i n  D 3 , 2 4 - d e h y d r o p r o v i t a m i n  D 3 i n  rat a n d
Fig. 1. Vitamin D endocrine system, from A.W. Norman 1985. 
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7h u m a n  s k i n  ( H o lick 1985b). T h e  r o l e  t h i s  c o m p o u n d  p l a y s  i n  
v i t a m i n  D  m e t a b o l i s m  has n o t  y e t  b e e n  d i s c e r n e d .
A  r e c e n t  s t u d y  has s h o w n  t h a t  in  a g i n g  t h e r e  is a 
g r e a t e r  t h a n  t w o - f o l d  r e d u c t i o n  i n  t h e  s k i n ' s  c a p a c i t y  to 
p r o d u c e  p r e v i t a m i n  D 3 . M a c L a u g h l i n  a n d  H o l i c k  (1985) 
d e m o n s t r a t e d  t h a t  t h i s  r e d u c e d  c a p a c i t y  is d u e  to a m o r e  
t h a n  t w o - f o l d  r e d u c t i o n  of the p r e c u r s o r  m o l e c u l e ,  7- 
d e h y d r o c h o l e s t e r o l  in t h e  e p i d e r m i s  b u t  n o t  i n  t h e  d e r m i s  
of e l d e r l y  s u b j ects. T h i s  d e c l i n e  c o u l d  n o t  b e  e x p l a i n e d  
d u e  to t h e  d e c r e a s e  in  t o t a l  e p i d e r m a l  m a s s  f o u n d  i n  the 
e lderly.
1.2.2 Metabolism and regulation of vitamin D
S i n c e  the e a r l y  1 9 7 0 's it w a s  k n o w n  t h a t  v i t a m i n  D 
w a s  n o t  t h e  b i o l o g i c a l l y  a c t i v e  f o r m  of t h e  v i t a m i n  b u t  
t h a t  it u n d e r w e n t  t w o  s u c c e s s i v e  h y d r o x y l a t i o n s , o n e  in 
t h e  l i v e r  a n d  o n e  in  t h e  k i d n e y  b e f o r e  it b e c a m e  a m o r e  
p olar, a c t i v e  m e t a b o l i t e .  V i t a m i n  D  p r o d u c e d  i n  t h e  skin, 
or a b s o r b e d  in t h e  i n t e s t i n e ,  m o v e s  i n t o  c i r c u l a t i o n  b o u n d  
w i t h  h i g h  a f f i n i t y  to a w e l l  i d e n t i f i e d  D - b i n d i n g  p r o t e i n  
(a g l o b u l i n  p r o t e i n ) .
R a d i o t r a c e r  s t u d i e s  h a v e  s h o w n  t h a t  v i t a m i n  D  is 
q u i c k l y  t r a n s f o r m e d  in  t h e  l i v e r  t o  2 5 - h y d r o x y c h o l e -  
c a l c i f e r o l  (25- O H D 3 ) o r  2 5 - h y d r o x y e r g o c a l c i f e r o l  (25- 
O H D 2 ), c o l l e c t i v e l y  r e p r e s e n t e d  h e r e  as 25-OHD, b y  a l i v e r
8m i c r o s o m a l  v i t a m i n  D - 2 5 - h y d r o x y l a s e .  T h e  a c t i v i t y  of this 
e n z y m e  is s o m e w h a t  e n h a n c e d  in D - d e f i c i e n t  a n i m a l s  b u t  its 
r e g u l a t i o n  s e ems to b e  weak, a n d  is n o t  y e t  f u l l y  
u n d e r s t o o d  (DeL u c a  1979). T h e  l a r g e s t  c i r c u l a t i n g  
m e t a b o l i t e  of v i t a m i n  D  is 2 5 - O H D  a n d  t h i s  m e t a b o l i t e  is 
t h o u g h t  to r e p r e s e n t  m o s t  c l o s e l y  t h e  b o d y  s t o r e s  of 
v i t a m i n  D  (Adams e t  al. 1982, M a w e r  1980). 2 5 - O H D  is n o t  
c o n s i d e r e d  to  b e  b i o l o g i c a l l y  a c t i v e  e x c e p t  i n  no n -  
p h y s i o l o g i c a l l y  h i g h  s e r u m  levels, s u c h  as t h o s e  f o u n d  in 
v i t a m i n  D  i n t o x i c a t i o n  t h r o u g h  o v e r  c o n s u m p t i o n  of v i t a m i n  
D  s u p p l e m e n t s .
O n c e  2 5 - O H D  h a s  b e e n  formed, it m o v e s  o n  t h e  sa m e  D- 
b i n d i n g  p r o t e i n  to  b o d y  s t o r a g e  s i t e s , f o u n d  i n  a d i p o s e  
tissue, s k e l e t a l  m u s c l e  a n d  b o n e  (Mawer e t  al. 1972). I n  
addit i o n ,  so m e  2 5 - O H D  u n d e r g o e s  a h i g h l y  r e g u l a t e d  s e c o n d  
e n z y m a t i c  h y d r o x y l a t i o n  in  the k i d n e y  to b e c o m e  w h a t  is 
n o w  t h o u g h t  of as a v i t a m i n  D  h o r m o n e ,  1 , 2 5 - ( O H )2v i t a m i n  
D. W h e n  e x t r a c e l l u l a r  C a + +  is l owered, p a r a t h y r o i d  
h o r m o n e  is r e l e a s e d  i n t o  c i r c u l a t i o n ,  a n d  t h i s  in t u r n  
s t i m u l a t e s  the a c t i v i t y  of t h e  m i t o c h o n d r i a l  enzyme, 25- 
h y d r o x y v i t a m i n  D - l - h y d r o x y l a s e  ( D e L u c a  1979). O n c e  s e r u m  
C a + +  l e v e l s  h a v e  b e e n  e l e v a t e d  b y  t h e  a c t i o n s  of the n e w l y  
f o r m e d  D  m e t a b o l i t e ,  P T H  l e v e l s  d r o p  a n d  t h e  25- 
h y d r o x y v i t a m i n  D - l - h y d r o x y l a s e  a c t i v i t y  f a l l s  (Fig.l).
T h i s  m i t o c h o n d r i a l  hydroxylase- is a l s o  i n h i b i t e d  b y  its
9p r o d u c t ,  l , 2 5 - ( O H ) 2 D  ( H e n r y  a n d  N o r m a n  1984). E l d e r l y  
o s t e o p o r o t i c  p a t i e n t s  w e r e  r e c e n t l y  s h o w n  t o  h a v e  a 
m a r k e d l y  r e d u c e d  r e s p o n s e  to  i n f u s e d  P T H  a n d  w e r e  t h u s  
t h o u g h t  t o  h a v e  a r e d u c e d  a b i l i t y  t o  a d a p t  t o  d i e t s  
v a r y i n g  i n  c a l c i u m  c o n t e n t  ( S l o v i k  et al. 1981)
O t h e r  h o r m o n e s  f o u n d  to  s t i m u l a t e  p r o d u c t i o n  of the 
a c t i v e  v i t a m i n  D h o r m o n e  are: g r o w t h  h o r m o n e ,  p r o l a c t i n ,
ins u l i n ,  e s t r o g e n s ,  a n d  a n d r o g e n s .  T h e  f i n a l  k n o w n  
e f f e c t o r  of the 1- h y d r o x y l a s e  e n z y m e  is s e r u m  i n o r g a n i c  
p h o s p h a t e  (P^) levels. If s e r u m  Pj_ l e v e l s  fall, t h e  1- 
h y d r o x y l a s e  e n z y m e  is s t i m u l a t e d  i n d e p e n d e n t  of 
p a r a t h y r o i d  h o r m o n e .  T h e  m e c h a n i s m  of t h i s  s t i m u l a t i o n  is 
n o t  y e t  u n d e r s t o o d  b u t  is t h o u g h t  to b e  m e d i a t e d  t h r o u g h  
g r o w t h  h o r m o n e  ( G r a y  a n d  L e m a n n  1985).
1.2.3 Function of vitamin D hormone
P r o d u c t i o n  of 1 , 2 5 - ( O H )2D  w h e t h e r  f r o m  l o w e r e d  s e r u m  
cal c i u m ,  o r  p h o s p h o r u s  levels, or  b y  s t i m u l a t i o n  f r o m  the 
p r e v i o u s l y  m e n t i o n e d  h o r m o n e s  l e a d s  u l t i m a t e l y  to 
i n c r e a s e d  s e r u m  c a l c i u m  a n d  p h o s p h o r u s  l e v e l s  d u e  
p r i m a r i l y  t o  its a c t i o n  i n  t h e  i n t e s t i n e  i n  s t i m u l a t i n g  
th e  a b s o r p t i o n  of c a l c i u m  a n d  p h o s p h o r u s .  T h u s
1 , 2 5 - ( O H )2D  c o m e s  i n t o  p l a y  i n  h y p o c a l c e m i c  or 
h y p o p h o s p h a t e m i c  c o n d i t i o n s ,  w h e r e a s  a n o t h e r  h o r m o n e  c o m e s  
i n t o  p l a y  i n  h y p e r c a l c e m i c  or h y p e r p h o s p h a t e m i c
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c o n d i t i o n s ,  n a m e l y  c a l c i t o n i n  f r o m  t h e  t h y r o i d  gland. 
H y p e r c a l c e m i a  is m u c h  less c o m m o n  t h a n  h y p o c a l c e m i a  a n d  as 
such, c a l c i t o n i n  is n o t  t h o u g h t  to b e  of m a j o r  i m p o r t a n c e  
i n  t h e  m a i n t e n a n c e  of c a l c i u m  h o m e o s t a s i s  in adults.
B e c a u s e  v i t a m i n  D  is m e t a b o l i z e d  to its a c t i v e  f o r m  
i n  o n e  p a r t  of t h e  b o d y  (the k i d n e y  m i t o c h o n d r i a ) ,  a n d  is 
t h e n  t r a n s p o r t e d  in b l o o d  to its s i t e  of a c t i o n  i n  a n o t h e r  
p a r t  of t h e  body, it is k n o w n  as a h o r m o n e .  I n  addit i o n ,  
l i k e  o t h e r  s t e r o i d  h o r m o n e s ,  t h e r e  are r e c e p t o r s  for the 
a c t i v e  v i t a m i n  D  h o r m o n e  w h i c h  a r e  u s u a l l y  l o c a t e d  i n  the 
c y t o p l a s m  a n d  n u c l e a r  m e m b r a n e s  of t a r g e t  c e l l s  a n d  it is 
t h o u g h t  t h a t  th i s  h o r m o n e  f u n c t i o n s  b y  t r i g g e r i n g  the 
p r o d u c t i o n  of m e s s e n g e r  R N A  to  p r o d u c e  s p e c i f i c  p r o t e i n s  
w h i c h  c h a n g e  t h e  a c t i v i t i e s  of t a r g e t  cells. A n t h o n y  
N o r m a n  h a s  c o i n e d  the t e r m  for the a c t i v e  v i t a m i n  D 
m e t a b o l i t e  as t h e  c a l c i u m  h o m e o s t a t i c  s t e r o i d  h o r m o n e  
( N o r m a n  1979).
It h a s  l o n g  b e e n  k n o w n  t h a t  v i t a m i n  D  i m p r o v e s  
i n t e s t i n a l  c a l c i u m  a b s o r p t i o n  ( D e L u c a  1979), a n d  it is n o w  
k n o w n  t h a t  this o c c u r s  b y  at l e a s t  t w o  m e c h a n i s m s .  T h e  
a c t i v e  v i t a m i n  D  h o r m o n e  h a s  b e e n  s h o w n  to s t i m u l a t e  the 
p r o d u c t i o n  of v i t a m i n  D - d e p e n d e n t  c a l c i u m - b i n d i n g  p r o t e i n  
(CaBP) in the b r u s h  b o r d e r  m e m b r a n e  cells, as w e l l  as to 
c h a n g e  the p e r m e a b i l i t y  of the b r u s h  b o r d e r  m e m b r a n e  to 
i o n i z e d  c a l c i u m  b y  s t i m u l a t i n g  c h a n g e s  in t h e  p h o s p h o l i p i d
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c o m p o s i t i o n  of t h e s e  m e m b r a n e s .  T h e s e  t w o  a c t i o n s  of the 
v i t a m i n  are t h o u g h t  to a s s i s t  in  a m a j o r  w a y  i n  the 
t r a n s f e r  of c a l c i u m  f r o m  the g u t  i n t o  c i r c u l a t i o n  
( W a s s e r m a n  et al. 1984). T h e  w a y  in w h i c h  v i t a m i n  D  
h o r m o n e  a s s i s t s  i n  the t r a n s p o r t  of P-^ i n t o  c i r c u l a t i o n  is 
n o t  y e t  f u l l y  u n d e r s t o o d  b u t  p r o b a b l y  a l s o  i n v o l v e s  the 
p r o d u c t i o n  of a t r a n s p o r t  p r o t e i n .
R e c e p t o r s  for v i t a m i n  D  h o r m o n e  h a v e  a l s o  b e e n  f o u n d  
i n  bone, a n d  the h o r m o n e  h a s  b e e n  f o u n d  to  s t i m u l a t e  the 
p r o d u c t i o n  of s t i l l  a n o t h e r  CaBP, as w e l l  as a n  a l k a l i n e  
p h o s p h a t a s e  in bone. T h i s  m a y  b e  p a r t  of the w a y  i n  w h i c h  
it a s s i s t s  i n  the m o b i l i z a t i o n  of c a l c i u m  a n d  p h o s p h o r u s  
f r o m  bone, b u t  t h e r e  a r e  o t h e r  m e c h a n i s m s ,  s o m e  of w h i c h  
i n v o l v e  p a r a t h y r o i d  h o r m o n e ,  w h i c h  h a v e  n o t  y e t  b e e n  
e l u c i d a t e d .  A  t h i r d  w a y  i n  w h i c h  v i t a m i n  D  h o r m o n e  h a s  
b e e n  f o u n d  to a s s i s t  i n  the e l e v a t i o n  of s e r u m  c a l c i u m  is 
b y  the s t i m u l a t i o n  of p r o x i m a l  r e n a l  t u b u l e  r e a b s o r p t i o n  
of c a l c i u m  (He n r y  a n d  N o r m a n  1984). C o n s e q u e n t l y ,  
r e c e p t o r s  f o r  the h o r m o n e  h a v e  a l s o  b e e n  l o c a t e d  i n  the 
kidney.
O n e  c u r r e n t  a v e n u e  of v i t a m i n  D  r e s e a r c h  is f o c u s i n g  
o n  the i d e n t i f i c a t i o n  of n e w  r e c e p t o r  s i t e s  in the b o d y  
f o r  v i t a m i n  D  h o r m o n e s .  A d d i t i o n a l  r e c e p t o r s  f o r  v i t a m i n  D 
h o r m o n e  h a v e  b e e n  i s o l a t e d  i n  m a n y  d i f f e r e n t  t i s s u e s  
i n c l u d i n g  the p a r a t h y r o i d ,  p a n c r e a s ,  p i t u i t a r y ,  a n d
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p a r o t i d  glands, m a m m a r y  tissue, a n d  p l a c e n t a  (Fig.l). T h e  
f u n c t i o n  of v i t a m i n  D  h o r m o n e  i n  t h e s e  m a n y  a n d  v a r i e d  
t i s s u e s  is n o t  f u l l y  u n d e r s t o o d ,  b u t  t h e  n e x t  t e n  y e a r s  of 
r e s e a r c h  i n  this a r e a  w i l l  p r o b a b l y  l e a d  to d i s c o v e r i e s  
t h a t  v i t a m i n  D  h o r m o n e  p l a y s  a m u c h  w i d e r  r o l e  in 
m a i n t e n a n c e  of b o d y  c a l c i u m  h o m e o s t a s i s  t h a n  w a s  e v e r  
f i r s t  imagi n e d .
1.3 Vitamin D and calcium status in Alaskans
V i t a m i n  D  is u n i q u e  a m o n g  the v i t a m i n s  in t h a t  the 
p r i m a r y  s o u r c e  of th i s  v i t a m i n  c o m e s  f r o m  its 
p h o t o p r o d u c t i o n  i n  the s k i n  w h i c h  is q u i t e  l i m i t e d  in 
w i n t e r  in  s u b a r c t i c  a n d  a r c t i c  A l a ska. W h e n  l i g h t  l i m i t s  
p h o t o p r o d u c t i o n ,  d i e t a r y  s o u r c e s  of v i t a m i n  D  t h e n  b e c o m e  
i m p o r t a n t  a n d  v i t a m i n  D  t a k e s  its p l a c e  a m o n g  the v i t a m i n s  
as a r e q u i r e m e n t  i n  t h e  d i e t  f o r  n o r m a l  g r o w t h  a n d  health. 
E a r l i e r  h u m a n  n u t r i t i o n  s u r v e y s  i n  A l a s k a  h a v e  n o t  
i n c l u d e d  b i o c h e m i c a l  a n a l y s e s  f o r  s e r u m  v i t a m i n  D 
m e t a b o l i t e s  n o r  t h e  a n a l y s i s  of d i e t  h a b i t s  to a s s e s s  the 
a v e r a g e  v i t a m i n  D  i n t a k e  ( H e l l e r  a n d  S c o t t  1967,
S a u b e r l i c h  e t  al. 1972, B e l l  a n d  H e l l e r  1978). M o s t  of 
t h e  c o m p r e h e n s i v e  s u r v e y s  o c c u r r e d  in  the late 19 5 0 ' s  a n d  
1 9 6 0 's b e f o r e  the m a j o r  v i t a m i n  D  m e t a b o l i t e s  h a d  b e e n  
i s o l a t e d  o r  c o u l d  b e  e a s i l y  a n a l y z e d ,  a n d  b e f o r e  f o o d  
c o m p o s i t i o n  h a n d b o o k s  i n c l u d e d  t h e  v i t a m i n  D  c o n t e n t s  of
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a t  l e a s t  s o m e  v i t a m i n  D - c o n t a i n i n g  foods. C h r o n i c a l l y  low 
i n t a k e s  of the r e l a t e d  n u t r i e n t ,  ca l c i u m ,  h a v e  b e e n  
r e p o r t e d  for so m e  A l a s k a n  g r o u p s  o v e r  t h e  y e a r s  (Draper 
1977, D r a p e r  1980, K n a p p  a n d  P a n r u k  1978, S t e t s o n  1985) 
a n d  r e c e n t  s u r v e y s  h a v e  s h o w n  t h a t  l o w  c a l c i u m  i n t a k e s  are 
a p r e v a l e n t  p r o b l e m  i n  F a i r b a n k s  (Mi l a n  e t  al. 1982, 
S t e t s o n  1986).
T h e r e  is h o w e v e r  a n e e d  t o  a s s e s s  t h e  v i t a m i n  D 
s t a t u s  of A l a s k a n s  as s h o r t  d a y  l e n g t h s  a n d  e x t r e m e  c o l d  
a m b i e n t  t e m p e r a t u r e s  of t h e  l o n g  a r c t i c  a n d  s u b a r c t i c  
w i n t e r s  m u s t  l i m i t  e n d o g e n o u s  v i t a m i n  D  p r o d u c t i o n  in t h i s  
region. A  r e c e n t  s u r v e y  c o m p a r i n g  a n n u a l  U V  r a d i a t i o n  
v a l u e s  in F a i r b a n k s  to l o w e r  l a t i t u d e  l o c a t i o n s  in  t h e  
U n i t e d  Stat e s ,  s h o w e d  t h a t  F a i r b a n k s  r e c e i v e d  65% o r  less 
t h a n  t h e  a n n u a l  U V  l e v e l s  r e p o r t e d  for t h e  l o w e r  l a t i t u d e  
c i t i e s  (T a b l e  1). I n  a d d i t i o n , b e c a u s e  b o t h  A l a s k a n  a n d  
C a n a d i a n  E s k i m o s  h a v e  b e e n  f o u n d  to h a v e  a n  e a r l i e r  o n s e t  
a n d  g r e a t e r  r a t e  of a g i n g  b o n e  loss w h e n  c o m p a r e d  to 
C a u c a s i a n s  f r o m  W i s c o n s i n  (Mazess a n d  M a t h e r  1974, 1975), 
t h e  v i t a m i n  D  s t a t u s  of t h e s e  g r o u p s  a n d  o t h e r  g r o u p s  
s h o u l d  b e  s t u d i e d  to d i s c o v e r  if t h e  p r e s u m a b l y  s e a s o n a l l y  
l o w e r e d  v i t a m i n  D  s t a t u s  c o u p l e d  w i t h  u s u a l l y  l o w  c a l c i u m  
in t a k e s ,  c o u l d  b e  c o n t r i b u t i n g  to t h e  a c c e l e r a t e d  r a t e s  of 
a g i n g  b o n e  loss s e e n  i n  t h e s e  A l a s k a n s  ( D e L u c a  1979).
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Table 1. Mean daily values of total UV radiation for summer, winter-2 -1and the year for eight sites in the USA (kj m day ).
Ap r i l -Se p t
S u m m e r
O c t -Ma r c h
W i n t e r
A n n u a l
Va l u e
Fa i r b a n k s , A l a s k a 1980
1981
619
626
120
113
369
370
Co r v a l l i s , O r e g o n 1981 974 350 662
Da v i s , Ca l i f o r n i a 1981 926 424 675
Ho n o l u l u , Ha w a i i 1981 1117 775 946
An n A r b o r , M i c h i g a n 1980
1981
1982
788 368 578
Sa n  A n t o n i o , T e x a s 1981 994 589 792
At l a n t a , G e o r g i a 1981 988 572 780
Al b a n y , N e w  Y o r k 1981 816 358 587
This project was supported by funds from the U.S. Dept, of Energy, 
grant- EY77-G-06-1060 and the data was provided by Dr. Gerd Wendler's 
laboratory at the University of Alaska, Fairbanks.
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To  d a t e  no e p i d e m i o l o g i c a l  s t u d i e s  h a v e  b e e n  
c o n d u c t e d  to a s s e s s  the i n c i d e n c e  of r i c k e t s  o r  
o s t e o m a l a c i a  (adult rickets) i n  A l a s k a  b u t  t h e r e  is so m e  
a n e c d o t a l  e v i d e n c e  of v i t a m i n  D  d e f i c i e n c y ,  a n d  b o w e d  
legs, p r e s u m a b l y  c a u s e d  b y  v i t a m i n  D  a n d / o r  a c a l c i u m  
d e f i c i e n c y ,  a r e  u n c o m m o n  b u t  n o t i c a b l y  p r e s e n t  i n  b o t h  
n a t i v e  a n d  n o n - n a t i v e  l i f e l o n g  r e s i d e n t s  of Alaska. 
R e c e n t l y  M a z e s s  et  al. (1985) p u b l i s h e d  t h e  f i r s t  p a p e r  on  
t h e  v i t a m i n  D  s t a t u s  of an  A l a s k a n  group. T h e i r  s t u d y  
a s s e s s e d  t h e  m a j o r  c i r c u l a t i n g  v i t a m i n  D  m e t a b o l i t e s  at 
t h e  e n d  of w i n t e r  (in March) in  a g r o u p  of o l d e r  a d u l t  
A l e u t s  l i v i n g  o n  St. P a u l  Island, a n d  f o u n d  2 5 - O H D  lev e l s  
t o  b e  w i t h i n  a n o r mal, n o n - r a c h i t i c  r a n g e  w h e n  c o m p a r e d  to 
o t h e r  U n i t e d  S t a t e s  s t udies. A n o t h e r  r e c e n t  s t u d y  of 
I n u i t s  a n d  C a u c a s i a n s  l i v i n g  in A r c t i c  C a n a d a  f o u n d  the 
C a u c a s i a n s  a n d  I n u i t  c h i l d r e n  w i t h  a g r e a t e r  i n c i d e n c e  of 
l o w e r e d  v i t a m i n  D  le v e l s  t h a n  t h e  I n u i t  a d u l t s  (von 
W e s t a r p  e t  al. 1981). T h e s e  d i f f e r e n c e s  w e r e  a t t r i b u t e d  
t o  v i t a m i n  i n t a k e  d i f f e r e n c e s  b e t w e e n  t h e  groups.
1.4 Major goals and hypotheses of this study
T h e  m a j o r  g o a l  of t h i s  s t u d y  w a s  to a s s e s s  the 
v i t a m i n  D  s t a t u s  of a h e a l t h y  g r o u p  of F a i r b a n k s  r e s i d e n t s  
o v e r  a o n e  y e a r  p e r iod, to p r o v i d e  b a s e l i n e  d a t a  for 
f u t u r e  c o m p a r i s o n s  to o t h e r  A l a s k a n  g r o u p s  a t  g r e a t e r  r i s k
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f o r  v i t a m i n  D  d e f i c i e n c y ,  i.e. the e l d e r l y ,  d a r k e r - s k i n n e d  
i n d i v i d u a l s ,  i n d o o r  w o r k e r s ,  p r e g n a n t  a n d  l a c t a t i n g  
fem a l e s ,  i n f a n t s  a n d  c h i l d r e n ,  a n d  a l c o h o l i c s .  A  s e c o n d  
o b j e c t i v e  w a s  to a s c e r t a i n  w h e t h e r  d i e t  or s u n l i g h t  (UV) 
e x p o s u r e  p l a y  a m o r e  i m p o r t a n t  r o l e  i n  a f f e c t i n g  
c i r c u l a t i n g  2 5 - O H D  o v e r  t h e  c h a n g i n g  s e a s o n s  of the year. 
T h e  f i n a l  o b j e c t i v e  of th i s  s t u d y  w a s  to g i v e  
r e c o m m e n d a t i o n s  as to w h a t  are s u f f i c i e n t  a m o u n t s  of 
s u n l i g h t  e x p o s u r e  a n d  v i t a m i n  D  i n t a k e  to m a i n t a i n  
a d e q u a t e  s e r u m  l e v e l s  of this n u t r i e n t ,  o u t  of the 
d e f i c i e n t  range. T h e  m a j o r  h y p o t h e s e s  t e s t e d  in this 
s t u d y  were:
1. F a i r b a n k s  r e s i d e n t s  s h o u l d  e x h i b i t  a n  a n n u a l  
s e a s o n a l  f l u c t u a t i o n  in  s e r u m  25-OHD, t h e  l a r g e s t  p o o l  of 
v i t a m i n  D  m e t a b o l i t e s ,  w i t h  m i n i m u m  l e v e l s  i n  w i n t e r  a n d  
s p r i n g  m o n t h s  d u e  to l o w e r  U V  r a d i a t i o n  l e v e l s  l e a d i n g  to 
l e s s  p h o t o p r o d u c t i o n  d u r i n g  t h e s e  m o n t h s .
2. T h o s e  i n d i v i d u a l s  w i t h  h i g h e r  y e a r l y  m e a n  
s u n l i g h t  e x p o s u r e  s h o u l d  h a v e  h i g h e r  y e a r l y  m e a n  s e r u m  25- 
O H D  l e v e l s  t h a n  t h o s e  w i t h  l o w e r  y e a r l y  m e a n  s u n l i g h t  
e x p o s u r e .
3. T h o s e  i n d i v i d u a l s  c o n s u m i n g  a d i e t  h i g h  in 
v i t a m i n  D  s h o u l d  h a v e  s i g n i f i c a n t l y  h i g h e r  y e a r l y  m e a n  
s e r u m  2 5 - O H D  l e v e l s  t h a n  t h o s e  c o n s u m i n g  a d i e t  l o w  in 
v i t a m i n  D.
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4. L o w  U V  r a d i a t i o n  l e v e l s  d u r i n g  t h e  l o n g  F a i r b a n k s  
w i n t e r  w i l l  l e a d  to the r e d u c t i o n  of s e r u m  2 5 - O H D  i n t o  
r a c h i t i c  levels, at l e a s t  d u r i n g  s o m e  of t h e  w i n t e r  
m o n t h s ,  in i n d i v i d u a l s  c o n s u m i n g  d i e t s  l o w  i n  v i t a m i n  D.
5. A  s e a s o n a l  r e d u c t i o n  of s e r u m  c a l c i u m  l e v e l s  in 
s p r i n g  d u e  to l o w e r e d  v i t a m i n  D s t a t u s  w i l l  l e a d  to an 
e v e n t u a l  e l e v a t i o n  of v i t a m i n  D h o r m o n e  ( 1 , 2 5 - ( O H )2^) 
p r o d u c t i o n  in r e s p o n s e  to P T H  s e c r e t i o n  a n d  c o n s e q u e n t l y  
t o  s e a s o n a l  c h a n g e s  i n  s e r u m  c a l c i u m  a n d  p h o s p h o r u s .
Chapter 2
Materials and methods
2.1 Human subjects
F o r t y - s e v e n  h e a l t h y  a d u l t  v o l u n t e e r s  w e r e  c h o s e n  f r o m  
r e s p o n d a n t s  t o  a p o s t e r  a n n o u n c e m e n t  f o r  t h e  s t u d y  ( F i g .2 ) 
a n d  f r o m  r e s p o n d a n t s  w h o  h e a r d  t h e  s a m e  m e s s a g e  r e a d  o n  a 
l o c a l  e d u c a t i o n a l  r a d i o  s t a t i o n  (KUAC). S u b j e c t s  w e r e  
i n i t i a l l y  s c r e e n e d  o v e r  t h e  t e l e p h o n e ,  a n d  f i n a l l y  
i n t e r v i e w e d  in p e r s o n  b y  m y s e l f  b e f o r e  b e i n g  a c c e p t e d  i n t o  
t h e  study. W i t h  the u s e  of t h e  V o l u n t e e r  Q u e s t i o n n a i r e  
( A p p e n d i x  A) p o t e n t i a l  v o l u n t e e r s  w e r e  i n t e r v i e w e d  a n d  
e x c l u d e d  f r o m  t h e  s t u d y  if t h e y  h a d  a n y  h i s t o r y  of liver, 
k i d n e y ,  i n t e s t i n a l ,  or  d i e t a r y  d i s e a s e s .  V o l u n t e e r s  w e r e  
p r e s u m e d  t o  b e  e a t i n g  t h e i r  u s u a l  d i e t  b u t  d i e t a r y  
s u p p l e m e n t s  c o n t a i n i n g  v i t a m i n  D  a n d / o r  c a l c i u m  w e r e  n o t  
to  b e  c o n s u m e d  o v e r  t h e  c o u r s e  of t h e  y e a r  l o n g  study.
T h o s e  w h o  w a n t e d  to  u s e  s u n l a m p s  o r  a t t e n d  t a n n i n g  
c e n t e r s  w e r e  e x c l u d e d  f r o m  t h e  study. Y e a r l o n g  r e s i d e n c y  
in  F a i r b a n k s  w a s  a r e q u i r e m e n t  for p a r t i c i p a t i o n ,  b u t
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Interested people are needed to participate in a one year study to 
assess the effects of long dark winters on the vitamin 0  and calcium levels 
of Fairbanks residents. Each month volunteers will be asked to fill out 
3-day food intake and outdoor activity records, and donate blood samples 
for a one year period beginning in Septem ber 1983.
For more information contact: Meredith Tallas
Room 313  Irving Bldg 
University of Alaska 
Ph. 4 7 4 -7 1 6 4  or 4 7 9 -3 5 9 3
Please call as soon as possible but not later than Sept. 10, 1983.
Institute of Arctic Biology, University of Alaska, Fairbanks
Fig. 2. Poster announcement for Fairbanks vitamin D study.
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t h o s e  t a k i n g  s h o r t  t e r m  v a c a t i o n s  o u t  of s t a t e  (or o u t  of 
c o u n t r y )  w e r e  n o t  exclu d e d .
A l l  f o r t y - s e v e n  p a r t i c i p a n t s  w e r e  C a u c a s i a n  as the 
r e s p o n d a n t s  w e r e  o v e r w h e l m i n g l y  f r o m  t h i s  e t h n i c  group.
T h e  v o l u n t e e r  g r o u p  w a s  m a i n l y  c o m p o s e d  of s t u d e n t s ,  s taff 
a n d  f a c u l t y  of t h e  U n i v e r s i t y  of A l a s k a ,  F a i r b a n k s  (65° N  
L a t ) . T h e  a v e r a g e  age of t h e  group, w h i c h  i n c l u d e d  
n i n e t e e n  m a l e s  a n d  t w e n t y - e i g h t  f e m a l e s  w a s  34 y e a r s  
(range: 22-66). O n l y  t w o  p a r t i c i p a n t s  w e r e  m o r e  t h a n  
f i f t y  y e a r s  old, a n d  b o t h  w e r e  males.
2.2 Consent forms and study approval
T h i s  s t u d y  w a s  a p p r o v e d  b y  t h e  H u m a n  E x p e r i m e n t a t i o n  
C o m m i t t e e  of t h e  U n i v e r s i t y  of A l a s k a  a n d  a l l  p a r t i c i p a n t s  
s i g n e d  V o l u n t e e r  C o n s e n t  F o r m s  i n d i c a t i n g  t h e i r  i n f o r m e d  
c o n s e n t  ( A p p e n d i x  B, C ) .
2.3 Blood sample collection
A n  e x p e r i e n c e d  m e d i c a l  t e c h n i c i a n ,  Ms. B o n n i e  Bond, 
w a s  h i r e d  to t a k e  t h e  o v e r n i g h t  f a s t i n g  b l o o d  s a m p l e s  (12 
cc  b y  v a c u t a i n e r )  o v e r  t h e  c o u r s e  of t h e  study. T h e  
s a m p l e s  w e r e  t a k e n  b e t w e e n  08:00 a n d  12:00 h r  in t h e  f i r s t  
t w o  w e e k s  of e a c h  s a m p l i n g  mo n t h ,  s t a r t i n g  O c t o b e r  1983 
t h r o u g h  S e p t e m b e r  1984. P a r t i c i p a n t s  w e r e  o f f e r e d  j u i c e  
a n d  a s n a c k  a f t e r  the b l o o d  s a m p l e s  w e r e  w i t h d r a w n .
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V o l u n t e e r s  w e r e  s e n t  m o n t h l y  r e m i n d e r  c a r d s  o f  u p c o m i n g  
s a m p l i n g  d a t e s  a p p r o x i m a t e l y  o n e  w e e k  b e f o r e  t h e  a c t u a l  
s a m p l i n g  date.
2.4 Serum preparation
T h e  w h o l e  b l o o d  w a s  a l l o w e d  t o  c l o t  for 25 to 60 
m i n u t e s  a n d  a f t e r  c e n t r i f u g a t i o n  t h e  s e r u m  w a s  p i p e t t e d  
in t o  f o u r  e q u a l - s i z e d  p o r t i o n s ,  s t o r e d  f r o z e n  (-20° C) in 
c o v e r e d  O m n i - V i a l s  ( W h e a t o n  S c i e n t i f i c ) ,  a n d  s e c u r e d  w i t h  
t a p e d  n a m e  l a b e l s  to  r e d u c e  p o t e n t i a l  w a t e r  loss. S a m p l e s  
w e r e  k e p t  f r o z e n  u n t i l  a n a l y z e d  t h e  f o l l o w i n g  y e a r  a n d  
e a c h  v o l u n t e e r 's s e r u m  s e t  w a s  p r o c e s s e d  t o g e t h e r  to 
m i n i m i z e  i n t e r a s s a y  v a r i a t i o n .
2.5 Volunteer record-keeping
E a c h  v o l u n t e e r  w a s  g i v e n  a n o t e b o o k  w h i c h  i n c l u d e d  
b l a n k  S u n l i g h t  E x p o s u r e  r e c o r d  f o r m s  ( A p p e n d i x  D) a n d  
b l a n k  F o o d  a n d  B e v e r a g e  D i a r y  f o r m s  ( A p p e n d i x  E) w h i c h  
t h e y  f i l l e d  o u t  f o r  f o u r  c o n s e c u t i v e  d a y s  (three w e e k d a y s  
a n d  o n e  w e e k e n d  day) e a c h  month. R e c o r d - k e e p i n g  d a t e s  
w e r e  a s s i g n e d ;  h o w e v e r ,  o n  o c c a s i o n ,  v o l u n t e e r s  a l t e r e d  
t h e s e  dates, t y p i c a l l y  if t h e y  f o r g o t  to s t a r t  r e c o r d i n g  
o n  a s e t  date, b e c a m e  ill or  w e r e  o u t  of t o w n  
u n e x p e c t e d l y .  P a r t i c i p a n t s  w e r e  d i s c o u r a g e d  f r o m  k e e p i n g  
r e c o r d s  w h i l e  o n  v a c a t i o n ,  or if ill. I m a d e  a n  a t t e m p t
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to a l t e r n a t e  b e t w e e n  a s s i g n e d  s e q u e n c e s  so t h a t  a S u n d a y  
w a s  i n c l u d e d  in o n e  m o n t h  a n d  a S a t u r d a y  i n  t h e  next.
S u n l i g h t  e x p o s u r e  f o r m s  w e r e  f i l l e d  in b y  t h e  
v o l u n t e e r s  to r e c o r d  t h e i r  e x p o s u r e  to  s u n l i g h t ,  f r o m  
s u n r i s e  to  sunset. E x p o s u r e  t o  s u n l i g h t  w h i l e  b e h i n d  a u t o  
or w i n d o w  g l a s s  w a s n ' t  n o t e d  as t h i s  l i g h t  d o e s  n o t  
c o n t a i n  t h e  r e q u i r e d  w a v e l e n g t h s  for p h o t o p r o d u c t i o n  of 
v i t a m i n  D. F o o d  a n d  B e v e r a g e  D i a r y  f o r m s  w e r e  f i l l e d  in 
to r e c o r d  t h e  t y p e s  a n d  q u a n t i t i e s  of a l l  f o o d s  a n d  
b e v e r a g e s  ( e x c e p t  wa t e r )  c o n s u m e d  in e a c h  4 - d a y  period.
V o l u n t e e r s  w e r e  e n c o u r a g e d  t o  f i l l  o u t  t h e  f o rms 
d a i l y  r a t h e r  t h a n  c o m p l e t i n g  t h e m  at t h e  e n d  of the 4 - d a y  
t i m e  p e r i o d  f r o m  m e m o r y .  I i n t e r v i e w e d  e a c h  p a r t i c i p a n t  
m o n t h l y  to v e r i f y  a c c u r a c y  a n d  c o m p l e t e n e s s  of b o t h  the 
s u n l i g h t  e x p o s u r e  a n d  f o o d  r e c o r d s  w h e n  t h e y  c a m e  to g i v e  
b l o o d  s a m p l e s  a n d  r ecords. I m a d e  a n  a t t e m p t  n o t  to 
i n f l u e n c e  e i t h e r  f o o d  c h o i c e  o r  o u t d o o r  a c t i v i t y  
b e h a v i o r s .  S o m e t i m e s  i n - p e r s o n  i n t e r v i e w s  w e r e n ' t  
p o s s i b l e  a n d  t h e  i n d i v i d u a l  w a s  l a t e r  i n t e r v i e w e d  o v e r  the 
p h o n e .
E a c h  p a r t i c i p a n t  w a s  o f f e r e d  his o r  h e r  o w n  s e t  of 
m e a s u r i n g  c u p s  to  k e e p  at  h o m e  t o  u s e  in  e s t i m a t i n g  
v o l u m e s  of f o o d  c o n s u m e d .  C a r d b o a r d  c o l o r  f o o d  m o d e l s  
w e r e  u s e d  d u r i n g  t h e  i n t e r v i e w s  t o  p r o m p t  v o l u n t e e r s  to 
m a k e  a c c u r a t e  e s t i m a t e s  of f o o d  q u a n t i t i e s  consu m e d .
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C o m p l i a n c e  w i t h  r e c o r d  k e e p i n g  w a s  f a i r l y  g o o d  i n  the 
f i r s t  n i n e  m o n t h s  of t h e  study, b u t  p a r t i c i p a t i o n  b e c a m e  
l e s s  r e g u l a r  as t h e  s t u d y  c o n t i n u e d .
2.6 25-(OH)vitamin D separation and analysis
2.6.1 Separation of vitamin D metabolites
B o t h  2 5 - O H D 2  a n d  25- O H D 3 w e r e  s e p a r a t e d  f r o m  all 
o t h e r  v i t a m i n  D  m e t a b o l i t i e s  i n  a p r o c e d u r e  d e v e l o p e d  b y  
R e i n h a r d t  e t  a l . ( 1 9 8 4 ) .  I v i s i t e d  Dr. B r u c e  H o l lis, o n e  
of t h e  c o - a u t h o r s  of t h e  a b o v e  paper, at C a s e  W e s t e r n  
R e s e r v e  U n i v e r s i t y  i n  Cle v e l a n d ,  O h i o  i n  N o v e m b e r  1984 to 
l e a r n  the s e p a r a t i o n  p r o c e d u r e  u n d e r  Dr. Hollis' g u i d a n c e .
O n  t h e  d a y  of e x t r a c t i o n ,  t h a w e d  s e r u m  s a m p l e s  (0.125 
ml) w e r e  a d d e d  t o  s t e r i l e  s a l i n e  (0.875 ml) to  e q u a l  a 
f i n a l  v o l u m e  of 1.0 m l  (Fig. 3). F i v e  h u n d r e d  c p m  of 25- 
h y d r o x y  [ 2 6 ( 2 7 ) - m e t h y l - ^ H ] c h o l e c a l c i f e r o l  (A m e r s h a m ,  
T R K . 3 9 6 ,  s p e c i f i c  a c t i v i t y =  22 C u r i e s / m m o l )  i n  20 u l  
e t h a n o l  w e r e  a d d e d  to e a c h  serum, s a l i n e  b l a n k  a n d  p l a s m a  
c o n t r o l  s a m ple, as w e l l  as to a c o u n t i n g  v i a l  c o n t a i n i n g  
10 m l  s c i n t i l l a t i o n  c o c k t a i l  (4g P P O  + 5 0  m g  P O P O P / L  
t o l u e n e ) ,  to m o n i t o r  recov e r y .  T h e  s a m p l e s  w e r e  v o r t e x e d  
l i g h t l y  a n d  a l l o w e d  to s t a n d  f o r  10 m i n u t e s .
T h e  s o l i d  p h a s e  e x t r a c t i o n  of s e r u m  p r o t e i n  w a s  n e x t  
d o n e  b y  a d d i n g  o n e  v o l u m e  (1.0 ml) of a c e t o n i t r i l e  to e a c h
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SEPARATION OF VITAMIN D METABOLITES
Pr o t e i n
Pr e c i p i t a t i o n
C-18 Sep-Pak 
(Wa t e r 's Assoc.)
El u t i o n  o f 
D METABOLITES
S i l i c a S e p -Pa k 
(Wa t e r 's A s s o c .)
E l u t i o n  o f 
25-(0H)D2+D3
0.125 ML PLASMA (OR SERUM) [BRING UP TO 1.0 ML WITH SALINE 
|  in 12 x 75 m m  Bo r o s , t e s t  t u b e ]
A d d 500 c p m  [3H]25(0H)D3 (in 20 jil e t h a n o l )
¥  [‘Ad d t h i s  a l s o  t o  a s c i n t -v i a l  t o m o n i t o r  % RECOVERY
* + 180 UL ETHANOL]
J
' Vo r t e x
| In c u b a t e  10 m i n u t e s
Ad d 1 VOLUME (1 ML) ACETONITRILE
I  V o r t e x
h  V i g o r o u s l y  20 s e c o n d s
* C e n t r i f u g e
J 1500 X G 10 MINUTES
P i p e t t e  i n t o t u b e  c o n t a i n i n g  0.5 m l , 0.9 M K2HP0£tEpH 10,6]
M  Vo r t e x , a n d  a p p l y  a b o v e  s u p e r n a t a n t  t o C-18 S e p -Pa k
* -R in s e w i t h  5 m l  H20 Re m o v e s  Ex c e s s  Sa l t s
|  -R inse w i t h  3 m l  M e t h a n o l :Wa t e r  (70:30)
m  Re m o v e s  Po l a r  L i p i d s
-El u t e  V i t a m i n D m e t a b o l i t e s  w i t h  3 m l  Ac e t o n i t r i l e
D r y Ex t r a c t  w i t h  N2, h e a t  b a t h  40°C
|  -Re s u s p e n d  in 500 u l , He x a n e :Is o p r o p a n o l  (97:3)
A p p l y  t o  a S i l i c a S e p -Pa k  
| -Wa s h  w i t h  7,0 m l  H:I (99:1)
M -El u t e 25-(0H)D2+D3 w i t h  9,o m l  H : I (97:3)
* ‘(Co u l d  e l u t e  o t h e r  v i t a m i n  D m e t a b o l i t e s  w i t h  
T i n c r e a s i n g  a m o u n t s  of Is o p r o p a n o l )
D r y u n d e r  N--2' HEAT BATH 90°C
-REDISSOLVE IN 0.5 ML ETHANOL (ABSOLUTE)
-Can s t o r e  u p t o  1 w e e k  a t  -20°C, b e f o r e  a s s a y ,
>00 ul for % Recovery 50 jil aliquots for protein-binding assay, 25(0H)D2+D3 ,
Fig. 3. Separation scheme for vitamin D metabolites.
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s e r u m  sample. T h e  t u b e s  w e r e  v o r t e x e d  v i g o r o u s l y  for 20 
s e c o n d s  a n d  c e n t r i f u g e d  for 10 m i n  at 1 5 0 0 x  g to r e m o v e  
p r o t e i n  p r e c i p i t a t e .  A f t e r  c e n t r i f u g a t i o n ,  the s u p e r n a t e  
w a s  p i p e t t e d  i n t o  a t u b e  c o n t a i n i n g  0.5 m l  0.4 M  K 2H P O 4 ,
p H  10.6, a n d  v o r t e x e d  v i g o r o u s l y  for a t  l e a s t  30 sec.
T u b e s  w e r e  s p u n  at 1 5 0 0 x  g  for 10 m i n  a n d  t h e  e x t r a c t  w a s  
a p p l i e d  w i t h  a p a s t e u r  p i p e t t e  to a p r e - w a s h e d  C-18 Sep- 
P a k  (Wa t e r ' s  A s s oc., Inc., M i l f o r d ,  M A . ).
B o t h  n e w  a n d  u s e d  C-18 S e p - P a k s  w e r e  p r e p a r e d  b e f o r e  
u s e  b y  r i n s i n g  w i t h  the s e q u e n t i a l  a d d i t i o n  of 3 m l
i s o p r o p a n o l ,  3 m l  h e x ane, 3 m l  i s o p r o p a n o l ,  3 ml  
a c e t o n i t r i l e ,  a n d  5 m l  d i s t i l l e d  H 2O. S i l i c a  S e p - P a k s  
w e r e  r i n s e d  w i t h  5 m l  m e t h a n o l ,  3 m l  i s o p r o p a n o l ,  a n d  6 m l  
h e x a n e .  T h i s  c o n d i t i o n i n g  p r o c e d u r e  a l l o w e d  r e p e a t  u s e  of 
S e p - P a k  c a r t r i d g e s  at l e a s t  f i v e  t i m e s  w i t h o u t  s i g n i f i c a n t  
loss in m e t a b o l i t e  r e c o v e r i e s .  A  S e p - P a k  c a r t r i d g e  r a c k  
(Water's Asso c . )  w a s  u s e d  to h o l d  e i g h t  S e p - P a k s  so t h a t  
e i g h t  s a m p l e s  c o u l d  b e  s i m u l t a n e o u s l y  p r o c e s s e d .  A  v a c u u m  
p u m p  a t t a c h e d  to t h e  c a r t r i d g e  r a c k  w a s  u s e d  to p u l l  all 
s o l v e n t s  t h r o u g h  t h e  S e p - P a k  col u m n s .  A l l  o r g a n i c  
s o l v e n t s  u s e d  w e r e  H P L C  grade.
E x c e s s  s a l t  w a s  r e m o v e d  f r o m  s a m p l e s  b y  w a s h i n g  t h e  
c a r t r i d g e s  w i t h  5 m l  d i s t i l l e d  wa t e r .  P o l a r  li p i d s  w e r e  
r e m o v e d  b y  w a s h i n g  t h e  c a r t r i d g e s  w i t h  3 m l  of m e t h a n o l -  
w a t e r  (70:30). V i t a m i n  D  m e t a b o l i t e s  w e r e  t h e n  e l u t e d
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w i t h  3 m l  a c e t o n i t r i l e  a n d  this f r a c t i o n  w a s  d r i e d  u n d e r  a 
s t r e a m  of n i t r o g e n  at 40° C i n  a w a t e r b a t h .
T h e  v i t a m i n  D  e x t r a c t  w a s  r e s u s p e n d e d  in 0.5 m l  
h e x a n e - i s o p r o p a n o l  (97:3) a n d  a p p l i e d  to a s i l i c a  S e p - P a k  
c a r t r i d g e  (W a t e r ' s  A ssoc.). T h e  c a r t r i d g e  w a s  r i n s e d  w i t h  
7 m l  of h e x a n e - i s o p r o p a n o l  (99:1) a n d  t h e  2 5 - O H D  f r a c t i o n  
w a s  e l u t e d  w i t h  8 m l  of h e x a n e - i s o p r o p a n o l  (97:3). T h i s  
f r a c t i o n  w a s  dried, as above, u n d e r  nitro g e n .
I m m e d i a t e l y  a f t e r  d r y i n g  t h e  e x t r a c t  w a s  r e s u s p e n d e d  
in 200 y.1 a b s o l u t e  e t h a n o l  a n d  v o r t e x e d  lightly. E x t r a c t s  
w e r e  s e a l e d  t i g h t l y  w i t h  r u b b e r  s t o p p e r s  a n d  s t o r e d  at 
-20° C f o r  u p  to o n e  w e e k  b e f o r e  a n a l y s i s .  O n  t h e  d a y  of 
a n a l y s i s  200 y.1 of t h e  e x t r a c t  w a s  a d d e d  t o  a 
s c i n t i l l a t i o n  v i a l  c o n t a i n i n g  10 m l  of a p r e v i o u s l y  
d e s c r i b e d  s c i n t i l l a t i o n  c o c k t a i l  a n d  t h e  s a m p l e s  w e r e  
c o u n t e d  at l e a s t  5 m i n  t o  c a l c u l a t e  2 5 - O H D  recovery.
2.6.2 Analysis of total 25-OHD
T h e  a n a l y s i s  of 2 5 - ( O H ) v i t a m i n s  D 2 +  D 3 is t y p i c a l l y  
a c c o m p l i s h e d  w i t h  a s e n s i t i v e  p r o t e i n - b i n d i n g  assay. T h e  
m e t h o d  is b a s e d  o n  t h e  p r e l i m i n a r y  s a t u r a t i o n  of a 
s p e c i f i c  D - b i n d i n g  p r o t e i n ,  u s u a l l y  a g l o b u l i n  p r o t e i n  
f o u n d  in r a t  serum, w i t h  [^ H ] 2 5 - ( O H ) c h o l e c a l c i f e r o l .  U p o n  
s u b s e q u e n t  a d d i t i o n  of u n k n o w n  s e r u m  e x t r a c t s  c o n t a i n i n g  
25-OHD, s o m e  l a b e l e d  c o m p o u n d  is d i s p l a c e d  in t o  s o l u t i o n
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d u r i n g  a n  i n c u b a t i o n .  T h e  d i s p l a c e d  (unbound) f r a c t i o n  is 
r e m o v e d  w i t h  d e x t r a n - c o a t e d  c h a r c o a l ,  t h e  s a m p l e s  
c e n t r i f u g e d  a n d  t h e  c h a r c o a l - f r e e  s u p e r n a t e  a s s a y e d  b y  
l i q u i d  s c i n t i l l a t i o n  counting. C o u n t s  f r o m  u n k n o w n  s e r u m  
s a m p l e s  a r e  t h e n  c o m p a r e d  t o  c o u n t s  f r o m  k n o w n  2 5 - O H D  
s t a n d a r d s .
T h e  i n i t i a l  m e t h o d  u s e d  for a n a l y s i s  of 2 5 - O H D  w a s  a 
m o d i f i c a t i o n  of a c o m p e t i t i v e  p r o t e i n - b i n d i n g  a s s a y  
d e v e l o p e d  b y  P r e e c e  e t  al., 1974. I o b s e r v e d  t h i s  m e t h o d  
i n  1981 i n  Dr. M i k e  H o l i c k ' s  V i t a m i n  D  Lab, M a s s a c h u s e t t s  
G e n e r a l  H o s p i t a l ,  B o s t o n .  T h e  m e t h o d  r e p r o d u c e d  in A l a s k a  
p r o v e d  t o  h a v e  a l a r g e  i n t e r a s s a y  v a r i a t i o n  a n d  some 
a s s a y s  g a v e  a n o m a l o u s l y  h i g h  e s t i m a t e s  of 25-OHD.
T h e r e f o r e  a s e c o n d  a n d  v e r y  s i m i l a r  a s s a y  w a s  c h o s e n  w h i c h  
I i n i t i a l l y  o b s e r v e d  a n d  r a n  i n  Dr. B r u c e  Hollis' lab at 
C a s e  W e s t e r n  R e s e r v e  U n i v e r s i t y  in  1984. T h i s  a s s a y  w a s  a 
m o d i f i c a t i o n  of Hollis' e a r l i e r  a s s a y  a n d  d i f f e r s  f r o m  the 
P r e e c e  a s s a y  in  t y p e  of b u f f e r  a n d  b o v i n e  s e r u m  a l b u m i n  
used, i n c u b a t i o n  t i m e  a n d  u s e  of s w i n e  g e l a t i n  w i t h  t h e  
ra t  s e r u m  D - b i n d i n g  p r o t e i n  (Hollis, 1984). T h i s  m e t h o d  
g a v e  m e  a n  i n t r a - a s s a y  c o e f f i c i e n t  of v a r i a t i o n =  8 .0%
(n=8 ) a n d  a n  i n t e r a s s a y  c o e f f i c i e n t  of v a r i a t i o n =  13.5% 
(n=40). T h e  m e t h o d  is d e s c r i b e d  below.
W e a n l i n g  H o l t z m a n  ra t s  w e r e  g r o w n  o n  a P u r i n a  #5825 
r a c h i t o g e n i c  r a t  c h o w  a n d  d e p r i v e d  of U V  r a d i a t i o n  for
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e i g h t  w e e k s  a f t e r  w e a n i n g  w h e n  t h e y  w e r e  k i l l e d  b y  b l o w s  
to the h e a d  a n d  the b l o o d  w a s  r e m o v e d  f r o m  the hearts. 
S e r u m  w a s  e x t r a c t e d  a n d  d i l u t e d  1 : 100 i n  b o r a t e  b u f f e r  (pH 
8.4) a n d  s t o r e d  in  2 m l  a l i q u o t s  i n  o m n i - v i a l s  at -20° C. 
T h i s  b a t c h  of d i l u t e d  s e r u m  w a s  u s e d  as t h e  v i t a m i n  D- 
b i n d i n g  p r o t e i n  (DBP) s o u r c e  o v e r  t h e  n e x t  two y e a r  
p e r iod. R a t  s e r u m  DBP, a g l o b u l i n  p r o t e i n ,  w a s  f o u n d  to 
b e  s t a b l e  w h e n  s t o r e d  th i s  w a y  for at  l e a s t  two y e a r s  
(Preece e t  al. 1974).
2 5 - h y d r o x y  [ 2 6 ( 2 7 ) - m e t h y l - ^ H ]  c h o l e c a l c i f e r o l  (spec, 
act. approx. 22 C u r i e s / m m o l e )  s u p p l i e d  in t o l u e n e / e t h a n o l  
(9:1 v/v) w a s  p u r c h a s e d  f r o m  A m e r s h a m .  T h e  
t o l u e n e / e t h a n o l  s o l v e n t  w a s  e v a p o r a t e d  w i t h  n i t r o g e n  a n d  
a b s o l u t e  e t h a n o l  w a s  u s e d  to q u a n t i t a t i v e l y  d i l u t e  the 
t r a c e r  t o  500 a n d  5000 c p m  i n  20 y.1 e t h a n o l .  D i l u t e d  
t r a c e r  w a s  c o v e r e d  w i t h  a r g o n  a n d  s t o r e d  in a i r t i g h t  g l a s s  
R e a c t i - v i a l s  (Pie r c e  C h e m i c a l  Co.) a t  -20° C for u s e  for 
u p  to  fo u r  m o n t h s .  .
P u r i f i e d  c r y s t a l l i n e  u n l a b e l l e d  2 5 - h y d r o x y c h o l e -  
c a l c i f e r o l  w a s  o b t a i n e d  as a g e n e r o u s  g i f t  f r o m  Dr. M i l a n  
U s k o k o v i c  of H o f f m a n n - L a R o c h e  Co m p a n y .  A  s t o c k  2 5 - O H D  
s o l u t i o n  w a s  p r e p a r e d  b y  d i s s o l v i n g  a v e r y  s m a l l  a m o u n t  of 
t h e  d e s s i c a t e d  c r y s t a l s  in  2 m l  of 100% et h a n o l .  A  
s c a n n i n g  s p e c t r o p h o t o m e t e r  w a s  u s e d  t o  t e s t  e a c h  
c o n c e n t r a t e d  p r e p a r a t i o n  f o r  p u r i t y  b e f o r e  d i l u t i o n .  T h e
29
t e s t  s c a n  w a s  r u n  b e t w e e n  190 a n d  300 n m  t o  l o o k  for a 
p e a k  (264 n m ) /  t r o u g h  (228 nm) a b s o r b a n c e  r a t i o  of 2.0. 
S o l u t i o n s  w h i c h  s h o w e d  d e v i a t i o n s  f r o m  t h i s  r a t i o  a f t e r  
s u b t r a c t i o n  of e t h a n o l  b l a n k s  w e r e  c o n s i d e r e d  i m p u r e  a n d  
d i s c a r d e d  ( p e r s o n a l  c o m m u n i c a t i o n ,  V i t a m i n  D  Lab, Mass. 
G e n e r a l  H o s p i t a l ) .
D i l u t i o n s  o f  t h e  s t o c k  2 5 - O H D  w e r e  m a d e  w i t h  c h i l l e d  
e t h a n o l  to p r o d u c e  10 y.g/ml a n d  64 n g / m l  u s i n g  t h e  p e a k  
a b s o r b a n c e  a t  264 nm, the m o l a r  a b s o r b t i v i t y  ( £ 2 6 4 = 1 8 , 3 0 0  
l i t e r s  m o l e - c m“l ) , t h e  f o r m u l a  w e i g h t  (402 g/mole) a n d  
L a m b e r t - B e e r 's L a w  (A= e b C, F l a s c h k a  e t  a l . , 1969). 
D i l u t e  s o l u t i o n s  w e r e  s t o r e d  in a i r t i g h t  g l a s s  c o n t a i n e r s ,  
c o v e r e d  w i t h  a l a y e r  of argon, a n d  k e p t  a t  -20° C fo r  u p  
to f o u r  m o n t h s  u n t i l  used.
D o n a t e d  p l a s m a  f r o m  the F a i r b a n k s  M e m o r i a l  H o s p i t a l  
b l o o d  b a n k  w a s  c o l l e c t e d  in A u g u s t  1983, p o o l e d  a n d  s t o r e d  
in  s e a l e d  O m n i - v i a l s  i n  2 m l  p o r t i o n s  a n d  f r o z e n  at -20° C 
t o  b e  u s e d  as p l a s m a  c o n t r o l  s a m p l e  o v e r  the n e x t  two 
yea r s .  T h e  2 5 - O H D  m e t a b o l i t e s  a r e  c o n s i d e r e d  to be v e r y  
s t a b l e  w h e n  s t o r e d  at -20° C ( p e r s o n a l  comm., Dr. B r u c e  
H o l l i s ).
A  s t o c k  b u f f e r  s o l u t i o n  for a s s a y  p r o c e d u r e s  w a s  
p r e p a r e d  i n  a d v a n c e  b y  d i s s o l v i n g  6.19 g  of b o r i c  acid,
2.03 g o f  NaOH, a d d i n g  2.3 m l  of conc. H C 1  a n d  b r i n g i n g  u p  
t o  1 L w i t h  d i s t i l l e d  H 2O to g i v e  a f i n a l  c o n c e n t r a t i o n  of
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0.10 M  b o r a t e  b u f f e r  (pH 8.4). T h i s  s o l u t i o n  w a s  s t o r e d  at 
5° C u n t i l  c o m p l e t e l y  used.
O n  t h e  d a y  of  a n a l y s i s  s e v e r a l  r e a g e n t  s o l u t i o n s  w e r e  
p r e p a r e d  fresh. T h e  d e x t r a n - c o a t e d  c h a r c o a l  s e p a r a t i o n  
s o l u t i o n  w a s  m a d e  b y  a d d i n g  1.0 g  N o r i t  A  a c t i v a t e d  
c h a r c o a l  (S i g m a  Co., C5260) w i t h  0.1 g  D e x t r a n  T- 4 0  
( P h a r m a c i a  F i n e  C h e m . ) a n d  30 m g  of g l o b u l i n - f r e e  b o v i n e  
s e r u m  a l b u m i n  (Sigma, A7638) to 100 m l  d i s t i l l e d  w a t e r  a n d  
s t i r r i n g  s l o w l y  i n  t h e  c o l d  (5° C) f o r  a t  l e a s t  t w o  h o u r s  
(o v e r n i g h t  a l s o  p r o v e d  a c c e p t a b l e ). T h i s  s o l u t i o n  w a s  
t h e n  p o u r e d  i n t o  30 m l  p l a s t i c  c e n t r i f u g e  t u b e s  a n d  
c e n t r i f u g e d  at 8 0 Ox g  f o r  10 m i n u t e s .  T h e  c l o u d y  
s u p e r n a t e  w a s  d e c a n t e d  a n d  t h e  p e l l e t s  r e s u s p e n d e d  i n  100 
m l  s t o c k  b o r a t e  b u f f e r  w i t h  30 m g  of t h e  B S A  a g a i n  added.
U n l a b e l l e d  2 5 - O H D  s t a n d a r d  s o l u t i o n s  w e r e  m a d e  b y  
s e r i a l l y  d i l u t i n g  0.4 m l  s t o c k  2 5 - O H D  (64 ng/ml) 1:2 
r e p e a t e d l y  s e v e n  t i m e s  in c h i l l e d  a b s o l u t e  e t h a n o l  to 
p r o d u c e  a s t a n d a r d  c u r v e  w h i c h  r a n g e d  f r o m  3200 p g / m l  to 
25 pg/ml. T h e  s t a n d a r d  s o l u t i o n s  w e r e  k e p t  on  ice u n t i l  
used.
B o r a t e  b u f f e r  u s e d  t o  d i l u t e  r a t  s e r u m  (just thawed) 
w a s  i n i t i a l l y  t r e a t e d  b y  h e a t i n g  (but n o t  b o iling) 30 m g  
of s w i n e  g e l a t i n  (Sigma Co.) i n  100 m l  of s t o c k  b u f f e r  a n d  
t h e n  c h i l l i n g  it b e f o r e  use. R a t  s e r u m  w a s  d i l u t e d  to
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1 : 1 8 , 0 0 0  i n  t h e  a b o v e  p r e p a r e d  b o r a t e  b u f f e r  o n  the d a y  of 
use. T h i s  s o l u t i o n  w a s  k e p t  o n  ice.
T h e  f o l l o w i n g  c o m p o n e n t s  w e r e  a d d e d  t o  i c e d  
b o r o s i l i c a t e  t u b e s  (10x75 mm) a c c o r d i n g  t o  t h e  s c h e m a t i c  
f o u n d  in f i g u r e  4:
1. T r a c e r  a d d i t i o n :
A p p rox. 5000 c p m  [3H ] 2 5 - O H D  in  20 y.1 e t h a n o l  w e r e  
a d d e d  t o  t h e  b o t t o m  of e v e r y  a s s a y  tube.
2. S t a n d a r d  or  S a m p l e  addition:
2.1. 50 y.1 of t h e  a b o v e  p r e p a r e d  s t a n d a r d s  w a s  a d d e d  
t o  e a c h  l a b e l e d  s t a n d a r d  tube.
2.2. 50 y.1 of a b o v e  S e p - P a k  e x t r a c t e d  u n k n o w n  s e r u m  
s a m p l e s  w a s  a d d e d  to e a c h  d u p l i c a t e  u n k n o w n  
tube.
2.3. 50 y.1 of S e p - P a k  e x t r a c t e d  p l a s m a  c o n t r o l  w a s  
a d d e d  t o  e a c h  r e p l i c a t e  "PC" tube.
2.4. 50 y.1 a b s o l u t e  e t h a n o l  w a s  a d d e d  t o  e a c h  
t r i p l i c a t e  "Total" a n d  "Zero" tube.
2.5. 50 y.1 c o n c e n t r a t e d  2 5 - O H D  (10 ug/ml) w a s  a d d e d  
to e a c h  t r i p l i c a t e  n o n - s p e c i f i c  b i n d i n g  t u b e
("NSB" t u b e s ).
3. B u f f e r  a n d  r a t  s e r u m  D - b i n d i n g  p r o t e i n  addit i o n :
3.1. 0.5 m l  of b o r a t e  b u f f e r  w i t h  s w i n e  g e l a t i n  a n d
ra t  s e r u m  w a s  a d d e d  to  all t u b e s  e x c e p t  "Total" 
t u b e s .
Un k n o w n s
St a n d a r d s
T o t a l s
Z e r o
N o n -Sp e c i f i c
b i n d i n g
Fig. 4. Tube additions for 25-(0H)vitamin D protein-binding assay.
Bo r a t e  Bo r a t e  De x t r a n
2000 c p m  S t a n d a r d  C o n c e n t r a t e d  Unknown  b u f f e r  b u f f e r / c h a r c o a l  
[3h ] 2 5 - ohd? 2 5 - oh d-z Et h a n o l  2 5 - ohd? s e r u m  b i n d i n g  p H 8 .4  S u s p e n s i o n
PROTEIN
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3.2. 0.5 m l  of b u f f e r  a l o n e  (with n o  r a t  serum) w a s
a d d e d  to e a c h  T o t a l  tube.
4. T u b e s  w e r e  l i g h t l y  v o r t e x e d ,  c o v e r e d  w i t h  p a r a f i l m  a n d  
i n c u b a t e d  a t  5° C for at  l e a s t  two hours. T h e  
i n c u b a t i o n  c a n  g o  o v e r n i g h t  a n d  w o u l d  r e s u l t  in 
d e c r e a s e d  n o n - s p e c i f i c  b inding.
5. C h a r c o a l  A d d i t i o n :  0.2 m l  of p r e p a r e d  d e x t r a n - c o a t e d  
c h a r c o a l  s u s p e n s i o n  w a s  a d d e d  to a l l  i n c u b a t i o n  t u b e s  
e x c e p t  T o t a l  tubes. T h e  t u b e s  w e r e  v o r t e x e d  a n d  k e p t  
at 5° C for 20 min. A f t e r  10 m i n  t h e  t u b e  r a c k s  w e r e  
s h a k e n  l i g h t l y  a n d  p l a c e d  at 5° C fo r  the a d d i t i o n a l  
10 min.
6 . A l l  t u b e s  w e r e  c e n t r i f u g e d  at 3 0 0 0 x  g  for 15 m i n  a n d  
s u p e r n a t e s  d e c a n t e d  i n t o  20 m l  g l a s s  s c i n t i l l a t i o n  
v i a l s  c o n t a i n i n g  4.5 m l  of I n s t a g e l  s c i n t i l l a t i o n  
f l u i d  (Packard). B o t h  % r e c o v e r y  a n d  a s s a y  s a m p l e s  
w e r e  c o u n t e d  s e q u e n t i a l l y  for at l e a s t  5 m i n  u s i n g  a 
B e c k m a n  LS 7 5 0 0  L i q u i d  S c i n t i l l a t i o n  c ounter. A l l  
c o u n t s  w e r e  r e c o r d e d  o n  a D a t a  G e n e r a l  S1 4 0  E c l i p s e  
c o m p u t e r  w h i c h  w a s  i n t e r f a c e d  w i t h  the LS 7500 
c o u n t e r .
2.6.3 Calculations
C o u n t s  f r o m  b o t h  the % r e c o v e r y  a n d  a s s a y  s a m p l e s
w e r e  c o r r e c t e d  f o r  q u e n c h i n g  b y  c o u n t i n g  a s e p a r a t e  q u e n c h
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se t  for b o t h  a s s a y  a n d  % r e c o v e r y  s a mples. A  b a s i c  p r o g r a m  
w a s  w r i t t e n  for t h e  E c l i p s e  c o m p u t e r  to u t i l i z e  the o u t p u t  
d a t a  f r o m  the LS  7500 to t r a n s f o r m  c p m  to dpm, p r o d u c e  a 
s t a n d a r d  c u r v e  i n  t h e  f o r m  of a l o g i t / l o g  plot, and 
c a l c u l a t e  the f i n a l  u n k n o w n  v a l u e s  c o r r e c t e d  for b o t h  n o n ­
s p e c i f i c  b i n d i n g ,  s e r u m  d i l u t i o n ,  b l a n k  r e a d i n g  and l o s s e s  
i n c u r r e d  d u r i n g  e x t r a c t i o n .
C o m p e t i t i v e  p r o t e i n - b i n d i n g  a s s a y s  (CPB) a n d  s i m i l a r  
r a d i o i m m u n o a s s a y s  (RIA) c o m m o n l y  u t i l i z e  a l o g i t / l o g  
t r a n s f o r m a t i o n  of t h e  s t a n d a r d  d a t a  (Ch a r d  1982). I n  m a n y  
a p p l i c a t i o n s  t h i s  t r a n s f o r m a t i o n  r e s u l t s  in a l i n e a r  
i n v e r s e  s t a n d a r d  c u r v e  (Fig.5). T h e  b a s i c  p r o g r a m  w r i t t e n  
to m a k e  t h i s  l o g i t / l o g  t r a n s f o r m a t i o n  w a s  m o d e l e d  a f t e r  an 
R I A  p r o g r a m  f r o m  t h e  H e w l e t t - P a c k a r d  H P - 41C c a l c u l a t o r  
C l i n i c a l  L a b  a n d  N u c l e a r  M e d i c i n e  P r o g r a m  P a c k  (Hewlett- 
Pa c k a r d ,  P a l o  Alto, C a ) . A  l o g i t / l o g  s t a n d a r d  c u r v e  has 
the p r o p o r t i o n  of t r a c e r  b o u n d  e x p r e s s e d  as a p e r c e n t a g e  
of t h e  ze r o  s t a n d a r d  o n  t h e  y  a x i s  a n d  t h e  l o g  of the 
s t a n d a r d  c o n c e n t r a t i o n  o n  t h e  x  axis.
Y =  l o g i t  [ (B i - N S B /  Bo-Bi) 100] =  In [Bi-NSB/ Bo-Bi] 
a n d  x =  l o g  Ci
w h e r e
ln= n a t u r a l  l o g a r i t h m  (base 2.17828) 
l o g =  c o m m o n  l o g a r i t h m  (base 1 0 )
B i =  a v e r a g e  of r e p l i c a t e  c o u n t s  f o r  the i t h  s t a n d a r d
LO
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Fig. 5. Logit/log standard curve for 25-(0H)vitamin D assay.
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(i = l , 2 . . . n)
N S B =  a v e r a g e  of r e p l i c a t e  c o u n t s  f o r  n o n - s p e c i f i c  
b i n d i n g
B o =  a v e r a g e  of r e p l i c a t e  c o u n t s  f o r  zero 
c o n c e n t r a t i o n
C i =  c o n c e n t r a t i o n  of the i t h  s t a n d a r d  (i=l,2,...n)
T h e  c o n c e n t r a t i o n  of the u n k n o w n  is t h e n  c a l c u l a t e d
as:
Cu =  10 x
w h e r e
C u =  c o n c e n t r a t i o n  of u n k n o w n  s e r u m  
x =  1 / m  [In (B u - N S B / B o - B u )- b ] 
m =  s l o p e  
b =  y  i n t e r c e p t
B u =  a v e r a g e  of r e p l i c a t e  c o u n t s  f o r  a n  u n k n o w n
2.7 Analysis of other blood metabolites
A  s u b s a m p l e  of p a i r e d  s e r u m  s a m p l e s  for M a r c h  (end of 
wint e r )  a n d  S e p t e m b e r  (end of summer) f r o m  t w e n t y - f i v e  
y e a r - r o u n d  r e s i d e n t s  w h o  d i d  n o t  t a k e  s o u t h  i s l a n d  
v a c a t i o n s  were, i n  a d d i t i o n  to 25-OHD, e x a m i n e d  for 
s e v e r a l  m e t a b o l i t e s  w h i c h  a r e  c o m m o n l y  e x a m i n e d  w h e n  
a s s e s s i n g  v i t a m i n  D  status.
37
2.7.1 Analysis of 1,25-(OH)2D
D u r i n g  t h e  f a l l  1984 v i s i t  to C l e v e l a n d ,  I t o o k  the 
25 p a i r s  of s e r u m  s a m p l e s  a n d  q u a n t i t a t i v e l y  s e p a r a t e d  the 
t o t a l  l , 2 5 - ( O H ) 2D  u s i n g  t h e  p r e v i o u s l y  d e s c r i b e d  S e p - P a k  
s e p a r a t i o n  p r o c e d u r e .  T h e  l , 2 5 - ( O H ) 2D  f r a c t i o n  w a s  
c o l l e c t e d  b y  p a s s i n g  9 m l  of h e x a n e : i s o p r o p a n o l  (85:15) 
t h r o u g h  the s a m e  s i l i c a  S e p - P a k  w h i c h  h a d  p r e v i o u s l y  b e e n  
r i n s e d  to r e m o v e  t h e  2 4 , 2 5 - ( O H ) 2D  a n d  t h e  2 5 - O H D  
fra c t i o n s .
T h e  l , 2 5 - ( O H ) 2D  f r a c t i o n  w a s  d r i e d  u n d e r  n i t r o g e n  at 
40° C, r e s u s p e n d e d  i n  100% e t h a n o l  a n d  a n a l y z e d  b y  Dr. 
H o l l i s  u s i n g  a r e c e n t l y  d e v e l o p e d  n o n e q u i l i b r i u m  
r a d i o r e c e p t o r  a s s a y  ( R e i n h a r d t  et  al. 1984). T h e
l , 2 5 - ( O H ) 2D  r e c e p t o r  w a s  i s o l a t e d  f r o m  f r e s h  c a l f  thymus. 
F o u r  p a i r s  o f  s a m p l e s  w e r e  lo s t  d u r i n g  p r o c e s s i n g  g i v i n g  
r e s u l t s  for 21 p a i r s  i n  pg/ml.
2.7.2 Analysis of ionized calcium
A  s e c o n d  s u b s a m p l e  of the a b o v e  25 s e r u m  p a i r s  w a s  
a l s o  e x a m i n e d  i n  Hollis' lab for i o n i z e d  c a l c i u m  u s i n g  a 
R a d i o m e t e r  I C A  1 I o n i z e d  C a l c i u m  A n a l y z e r  a n d  R a d i o m e t e r  
p r e - m i x e d  s o l u t i o n s .  T h i s  a u t o m a t e d  a n a l y z e r  c o r r e c t e d  
f i n a l  v a l u e s  for p H  to g i v e  m m o l  C a + + / l i t e r  s e r u m  at  p H
7.4.
38
2.7.3 Analysis of total calcium
A t  t h e  F a i r b a n k s  M e m o r i a l  H o s p i t a l  in  F a i r b a n k s ,  
A l a ska, I a s s i s t e d  Dr. B i l l  V o r k i n k  in  a n a l y s i s  of a n o t h e r  
f r o z e n  s u b s a m p l e  of t h e  same 25 s e r u m  p a i r s  f o r  t o t a l  
cal c i u m ,  a l b u m i n ,  t o t a l  i n o r g a n i c  p h o s p h o r u s  a n d  a l k a l i n e  
p h o s p h a t a s e  a c t i v i t y .  In  all h o s p i t a l  a n d  l a b o r a t o r y  
a n a l y s e s ,  e a c h  p a i r  of s a m p l e s  w a s  a n a l y z e d  t o g e t h e r  to 
a v o i d  i n t e r a s s a y  v a r i a t i o n  for t h e  pair.
T o t a l  c a l c i u m  w a s  m e a s u r e d  c o l o r i m e t r i c a l l y  a t  570 n m  
u s i n g  an  A b b o t t  V P  a u t o a n a l y z e r  a n d  A b b o t t  r e a g e n t s .  T h e  
a s s a y  w a s  b a s e d  u p o n  s e r u m  c a l c i u m  r e a c t i n g  w i t h  0- 
c r e s o l p h t h a l e i n  c o m p l e x o n  in a n  a l k a l i n e  s o l u t i o n  to 
p r o d u c e  a m e a s u r a b l e  p u r p l e  c h r o m o p h o r e .  C a l c i u m  v a l u e s  
o b t a i n e d  b y  t h i s  m e t h o d  a r e  t h o u g h t  to b e  c o m p a r a b l e  w i t h  
t h o s e  o b t a i n e d  b y  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  a n d  
r e s u l t s  a r e  e x p r e s s e d  as m g / 1 0 0  ml. O n e  p a i r  of s a m p l e s  
w a s  lo s t  d u r i n g  p r o c e s s i n g .
2.7.4 Analysis of serum albumin
S e r u m  a l b u m i n  w a s  a l s o  m e a s u r e d  c o l o r i m e t r i c a l l y  o n  
an  A b b o t t  V P  a u t o a n a l y z e r  u s i n g  A b b o t t  A - g e n t  reagents.
T h e  t e s t  w a s  b a s e d  o n  t h e  a b i l i t y  of a l b u m i n  t o  b i n d  to 
b r o m c r e s o l  g r e e n  dye, a n d  the a b s o r b a n c e  of t h e  dye-
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p r o t e i n  c o m p l e x  w a s  m e a s u r e d  at 630 nm. T h e  f i n a l  v a l u e s  
w e r e  e x p r e s s e d  as g  a l b u m i n /100 m l  serum.
2.7.5 Analysis of total inorganic phosphorus
I n o r g a n i c  p h o s p h o r u s  w a s  a n a l y z e d  o n  the a b o v e  s e r u m  
p a i r s  b y  m e a s u r i n g  t h e  a b s o r b a n c e  at 340 n m  of a 
p h o s p h o m o l y b d a t e  co m p l e x .  T h e  a n a l y s i s  w a s  d o n e  u s i n g  a 
T e c h n i c o n  k i t  (# T 0 1 - 1 3 0 3 )  and s a m p l e s  w e r e  m e a s u r e d  w i t h  
a T e c h n i c o n  R A - 1 0 0 0  auto a n a l y z e r . .  V a l u e s  w e r e  e x p r e s s e d  
as m g  i n o r g a n i c  p h o s p h o r u s / I 00 ml.
2.7.6 Analysis of alkaline phosphatase activity
T o t a l  s e r u m  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  (AP) was 
m e a s u r e d  b y  a s i m p l e  c o l o r i m e t r i c  t e s t  b a s e d  u p o n  the 
e n z y m e ' s  a b i l i t y  to h y d r o l y z e  a m o n o e s t e r  of 
o r t h o p h o s p h a t e .  T h e  s u b s t r a t e  u t i l i z e d  w a s  p - n i t r o p h e n y l  
p h o s p h a t e  a n d  t h e  a b s o r b a n c e  at 415 n m  w a s  m e a s u r e d  to 
q u a n t i f y  t h e  r a t e  of p r o d u c t i o n  of p - n i t r o p h e n o l a t e .  A n  
A - G e n t  a l k a l i n e  p h o s p h a t a s e  t e s t  k i t  f r o m  A b b o t t  
L a b o r a t o r i e s  w a s  u s e d  a n d  m e a s u r e m e n t s  w e r e  m a d e  o n  an 
A b b o t t  V P  a u t o a n a l y z e r .  F i n a l  v a l u e s  a r e  e x p r e s s e d  as 
I n t e r n a t i o n a l  U n i t s / l i t e r  serum, w h e r e  o n e  I n t e r n a t i o n a l  
U n i t  of A P  a c t i v i t y  is d e f i n e d  as the a m o u n t  of a c t i v i t y  
w h i c h  w i l l  c a t a l y z e  t h e  c o n v e r s i o n  of o n e  m m o l e  of 
s u b s t r a t e / m i n u t e .
40
2.8 Measurement of total UV radiation
T o t a l  u l t r a v i o l e t  (UV) r a d i a t i o n  w a s  m e a s u r e d  u s i n g  
a n  E p p l e y  U V  p h o t o m e t e r  w h i c h  d e t e c t s  U V  l i g h t  b e t w e e n  
2 9 0 - 3 8 5  nm. T h i s  m e a s u r e m e n t  w a s  w i d e r  t h a n  t h e  b a n d  
n e c e s s a r y  for t h e  p r o d u c t i o n  of p r e - v i t a m i n  D  i n  the s k i n  
( M a c L a u g h l i n  e t  al. 1982) b u t  it g a v e  a r e l a t i v e  m e a s u r e  
of U V  r a d i a t i o n  t h r o u g h o u t  the year. C o n t i n u o u s  d a i l y  
m e a s u r e m e n t s  i n  w a t t - h o u r s  m - ^ w e r e  m a d e  for the f i r s t  
n i n e  m o n t h s  of the study, f r o m  t h e  t o p  of t h e  E l v e y  
b u i l d i n g  a t  t h e  G e o p h y s i c a l  I n s t i t u t e  of the U n i v e r s i t y  of 
A l a s k a ,  F a i r b a n k s  c a m p u s  (Dr. G e r d  W e n d l e r ' s  lab). B u t  
d a t a  c o l l e c t i o n  w a s  s t o p p e d  i n  J u l y  1984 d u e  to the loss 
of f u n d i n g  for t h e i r  p r o j e c t .  T h e r e f o r e  U V  d a t a  f r o m  the 
p r e v i o u s  f o u r  y e a r s  w a s  p o o l e d  a n d  u s e d  to c o m p l e t e  the 
y e a r l o n g  m o n t h l y  e s t i m a t e s  of t o t a l  U V  r a d i a t i o n .
2.9 Analysis of sunlight exposure records
S u n l i g h t  e x p o s u r e  d i a r i e s  w e r e  e x a m i n e d  to c a l c u l a t e  
t h e  a v e r a g e  d a i l y  s u n l i g h t  e x p o s u r e  i n  m i n u t e s / d a y  for 
e a c h  of t h e  12 m o n t h s  o n  all 47 v o l u n t e e r s .  T h e  d a i l y  
t i m e  p e r i o d s  e x a m i n e d  e a c h  m o n t h  w e r e  c h o s e n  b y  t a k i n g  the 
ti m e  p e r i o d  f r o m  o n e - h a l f  h o u r  a f t e r  s u n r i s e  to o n e - h a l f  
h o u r  b e f o r e  s u n s e t  (to t h e  c l o s e s t  h a l f  ho u r ) ,  as 
d e t e r m i n e d  f r o m  the f i r s t  d a y  o f  e a c h  m o n t h  (Table 2).
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Table 2. Time periods for monthly sunlight exposure tabulations
Time Time Time Period
Month Sunrise* Sunset Sunlight Exposure Tabulated
January 1 10:: 55 am 2: 56 pm 11: 30 am to 2: 30 pm
February 1 9:: 38 am 4: 35 pm 10:: 00 am to 4: 00 pm
March 1 8:: 01 am 6: 08 pm 8:: 30 am to 5: 30 pm
Apri1 1 6:: 09 am 7::44 pm 6:: 30 am to 7: 00 pm
May 1 4:; 19 am 9::20 pm 5::00 am to 9::00 pm
June 1 2:: 34 am 11;: 07 pm 3:: 00 am to 10:: 30 pm
July 1 2:ill am 11:: 37 pm 2:: 30 am to 11:: 00 pm
August 1 3:: 50 am 10:: 02 pm 4::30 am to 9:: 30 pm
September 1 5:: 31 am 8:: 10 pm 6 :00 am to 7:: 30 pm
October 1 7 - / :00 am 6:: 20 pm 7: 30 am to 6::00 pm
November 1 8 : 39 am 4 :31 pm 9 :00 am to 4::00 pm
December 1 10 : 19 am 3 : 02 pm 11 :00 am to 2:30 pm
* Data collated by the Fairbanks National Weather Service
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2.10 Analysis of food and beverage diaries
F o u r  d a y  d i e t  d i a r i e s  w e r e  e x a m i n e d  f o r  t h e i r  v i t a m i n  
D  c o n t a i n i n g  f o o d s  for the m o n t h s  of O c t o b e r  1983,
J a n u a r y ,  A p r i l  a n d  J u l y  1984. S e v e r a l  f o o d  c o m p o s i t i o n  
t a b l e s  w e r e  u s e d  to  c o m p i l e  a c o m p r e h e n s i v e  l i s t  of 
v i t a m i n  D  c o n t e n t s  o f  f o o d s  ( L e v e i l l e  et  al. 1983; 
P e n n i n g t o n  a n d  C h u r c h  1985; P a u l  a n d  S o u t h g a t e  1978).
E a c h  i n d i v i d u a l 's q u a r t e r l y  v i t a m i n  D  i n t a k e  w a s  c o m p u t e d  
b y  c o m p a r i s o n  to t h e  l i s t  a n d  v a l u e s  w e r e  e x p r e s s e d  as 
m e a n  i n t a k e  of I n t e r n a t i o n a l  U n i t s  ( I U ) / d a y  +  1 s t a n d a r d  
e r r o r  of t h e  m e a n ,  w h e r e  o n e  I U =  0 . 025 y.g of v i t a m i n  D. 
C o m p u t e d  v a l u e s  w e r e  c o m p a r e d  t o  t h e  R e c o m m e n d e d  D i e t a r y  
A l l o w a n c e  f o r  a d u lts, o r  200 I U / d  ( N a t i o n a l  R e s e a r c h  
C o u n c i l ,  1980).
2.11 Statistical procedures
R e p e a t e d  m e a s u r e s  m u l t i v a r i a t e  a n a l y s i s  of v a r i a n c e  
(MANOVA) w a s  u s e d  to  t e s t  f o r  m o n t h l y  v a r i a t i o n s  of s e r u m  
m e t a b o l i t e s ,  v i t a m i n  D  i n t a k e  a n d  s u n l i g h t  e x p o s u r e  i n  the 
f o r t y - s e v e n  v o l u n t e e r s  (SPSS Inc. 1983). V a r i o u s  b e t w e e n -  
s u b j e c t s  g r o u p i n g s  w e r e  e x a m i n e d  i n c l u d i n g  sex, o c c u r a n c e  
of  a s o u t h  i s l a n d  v a c a t i o n ,  l e v e l  of y e a r l y  s u n l i g h t  
e x p o s u r e ,  a n d  l e v e l  of y e a r l y  v i t a m i n  D  intake. M o d e l s
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w h i c h  y i e l d e d  s i g n i f i c a n t  s e a s o n a l  F s c o r e s  (p <.05) w e r e  
f u r t h e r  t e s t e d  w i t h  t h e  S t u d e n t - N e w m a n - K e u l s  (SNK) 
c o m p a r i s o n  of m o n t h l y  m e a n s  (SAS I n s i t u t e  Inc. 1985; S t e e l  
a n d  T o r r i e  1980). S i g n i f i c a n t  g r o u p  e f f e c t s  a n d  
i n t e r a c t i o n s  w e r e  f u r t h e r  t e s t e d  e a c h  m o n t h  b y  t w o - w a y  
a n a l y s i s  o f  v a r i a n c e  (SAS I n s t i t u t e  Inc. 1985) o r  b y  S N K  
c o m p a r i s o n  o f  m o n t h l y  g r o u p  means. A  l a r g e  s a m p l e  s i g n  
t e s t  w a s  u s e d  t o  e x a m i n e  s e x  d i f f e r e n c e s  in s u n l i g h t  
e x p o s u r e  ( F r e u n d  1984). L i n e a r  r e g r e s s i o n  a n a l y s i s  w a s  
c a r r i e d  o u t  o n  s e l e c t e d  c o m b i n a t i o n s  of  s e r u m  m e t a b o l i t e  
p a i r s  to d e t e r m i n e  if p r e d i c t i v e  r e l a t i o n s h i p s  e x i s t e d  
( P l o t r a x  II, O m i c r o n  1983). S t a t i s t i c a l  s i g n i f i c a n c e  w a s  
i n d i c a t e d  in  a l l  t e s t s  if p  v a l u e s  w e r e  less t h a n  0.05. 
M o n t h  a n d  g r o u p  v a l u e s  f o r  a l l  d a t a  s e t s  a r e  e x p r e s s e d  as 
m e a n  + 1 - s t a n d a r d  e r r o r  of t h e  mean.
Chapter 3 
Results
3.1 Seasonal variation in 25-OHD
A  h i g h l y  s i g n i f i c a n t  s e a s o n a l  v a r i a t i o n  in  t o t a l  25- 
h y d r o x y v i t a m i n  D  (25-OHD) w a s  f o u n d  b y  M A N O V A  a n a l y s i s  in 
t h i s  g r o u p  of h e a l t h y  F a i r b a n k s  r e s i d e n t s  (p C.001).
F i g u r e  6 s h o w s  t h e  l o w e s t  m o n t h l y  2 5 - O H D  v a l u e  f o u n d  in 
M a r c h  (23.1 + 1.3 ng/ml) t h r e e  m o n t h s  a f t e r  t h e  l o w e s t  
m o n t h l y  s u m  of t o t a l  U V  r a d i a t i o n ,  a n d  t h e  h i g h e s t  2 5 - O H D  
v a l u e  s e e n  i n  J u l y  (34.4 + 1.5 ng/ml) o n e  m o n t h  a f t e r  t h e  
U V  peak. S t u d e n t - N e w m a n - K e u l s  (SNK) c o m p a r i s o n s  of 
m o n t h l y  m e a n s  i n d i c a t e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  in  m e a n  
2 5 - O H D  l e v e l s  b e t w e e n  O c t o b e r  a n d  M a y  b u t  i n  J u n e  t h e r e  
w a s  a s i g n i f i c a n t  r i s e  o v e r  t h e  M a r c h  m e a n  (p <.05, T a b l e  
3). J u l y  t h r o u g h  S e p t e m b e r  2 5 - O H D  v a l u e s  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  d e s p i t e  t h e  f a l l  
i n  m o n t h l y  s u m s  of t o t a l  UV, b u t  t h e  J u l y  m e a n  w a s  
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  J u n e  mean.
T h e  e f f e c t  o f  s e x  a n d  o c c u r e n c e  of  s o u t h  i s l a n d  
v a c a t i o n s  (to H a w a i i  o r  t h e  B a h a m a s )  o n  m o n t h l y  2 5 - O H D
44
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Fig. 6. Seasonal variation in 25-OHD for the full volunteer group.
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Table 3. Results of Student-Newman-Keuls (SNK) comparison of ranked mean monthly serum 25-OHD.
Month
March February April January May December November October June September August July 
Mean (ng/ml)
23.1 23.2 23.9 24.2 24.2 24.5 26.3 27.2 29.1 30.9 33.4 34.4
Means underlined by the same line are not significantly different (a =.05)
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l e v e l s  w e r e  t e s t e d  u s i n g  M A N O V A .  T h e  a n a l y s i s  s h o w e d  a 
s i g n i f i c a n t  e f f e c t  of s e x  (p <.015) w i t h  t h e  y e a r l y  m e a n  
2 5 - O H D  l e v e l  for m a l e s  (29.4 +  1.4 ng/ml, range:
20. 9 - 3 9 . 9 )  16% h i g h e r  t h a n  for f e m a l e s  (25.4 +  1.3 ng/ml, 
range: 1 3 . 2 - 4 2 . 6 ) .  D u r i n g  the y e a r l o n g  s t u d y  the f e m a l e  
m o n t h l y  2 5 - O H D  m e a n s  w e r e  a l w a y s  l o w e r  t h a n  t h e  m a l e  
m o n t h l y  2 5 - O H D  m e a n s  (Fig. 7), b u t  of t h e  f o u r  i n d i v i d u a l s  
w h o s e  w i n t e r  2 5 - O H D  v a l u e s  d r o p p e d  b e l o w  10 n g / m l  s o m e  
t i m e  d u r i n g  t h e  w i n t e r ,  t w o  w e r e  m a l e s  a n d  t w o  w e r e  
f e m a l e s  (Fig. 8 ). T h e  l o w e s t  2 5 - O H D  value, 7.2 ng/ml, w a s  
f o u n d  i n  a f e m a l e  i n  Ma r c h .  T h o s e  i n d i v i d u a l s  w i t h  y e a r l y  
m e a n  v a l u e s  less t h a n  20 n g / m l  (n=7, m e a n  =  17.0 + 2.4 
ng/ml) w e r e  a l l  f e m a l e s  a n d  t h e i r  i n d i v i d u a l  y e a r l y  c u r v e s  
a r e  s h o w n  i n  F i g u r e s  9 a n d  10.
M A N O V A  a n a l y s i s  s h o w e d  n o  o v e r a l l  s i g n i f i c a n t  
d i f f e r e n c e s  i n  2 5 - O H D  b e t w e e n  t h o s e  w h o  t o o k  a v a c a t i o n  t o  
s o u t h e r n  l a t i t u d e  i s l a n d s  ( H a waii or t h e  B a h a m a s )  d u r i n g  
the s t u d y  y e a r  a n d  t h o s e  w h o  d i d  not, h o w e v e r  a 
s i g n i f i c a n t  i n t e r a c t i o n  w a s  f o u n d  b e t w e e n  t r i p  a n d  m o n t h  
(p <.034). F i g u r e  11 i l l u s t r a t e s  h o w  m o n t h l y  2 5 - O H D  
le v e l s  v a r i e d  in  t h e  s p r i n g  b e t w e e n  t h e  t w o  g r o u p s  a n d  
A N O V A  f o u n d  t h e  m o n t h s  of M a r c h  a n d  A p r i l  as s i g n i f i c a n t l y  
h i g h e r  i n  t h e  i s l a n d  v i s i t e r  g r o u p  (March, p  <.04, April, 
p  <.009). E i g h t  of t h e  t e n  i s l a n d  v i s i t o r s  t o o k  t h e i r  
t r i p s  b e t w e e n  D e c e m b e r  a n d  A p r i l  d u r i n g  t h e  s t u d y  year.
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Fig. 7. Comparison of male and female mean seasonal variation in 25-OHD.
A significant sex effect (p< .015) was found yearlong using MANOVA.
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Fig. 8. Seasonal variation in 25-OHD in "at risk" individuals.
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Fig. 9. Seasonal variation in 25-OHD for four females with 
yearly means less than 20 ng/ml.
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Fig. 10. Seasonal variation in 25-OHD for three females with 
yearly means less than 20 ng/ml. 51
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Fig. 11. Seasonal variation in 25-OHD in island visitors versus
all other volunteers. The two groups were found to be sig­
nificantly different in March (p< .04) and April (p< .009).
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T h e  y e a r l y  m e a n  2 5 - O H D  le v e l s  in  t h o s e  w h o  t o o k  a n  i s l a n d  
t r i p  v e r s u s  t h o s e  w h o  d i d n ' t  w e re, r e s p e c t i v e l y ,  28.2 +
2.8 n g / m l  (n=10) a n d  26.7 + 1.0 n g / m l  (n=37). E x a m p l e s  of 
t h e  v a r i e t y  of  i n d i v i d u a l  r e s p o n s e s  in s e r u m  2 5 - O H D  to  
p r e s u m e d  i n c r e a s e  i n  s u n  e x p o s u r e  d u r i n g  i s l a n d  v i s i t s  are 
s h o w n  in F i g u r e  12. N i n e  o u t  o f  t e n  i s l a n d  v i s i t e r s  
s h o w e d  t h e i r  h i g h e s t  m o n t h l y  2 5 - O H D  v a l u e  in  t h e  f i r s t  or 
s e c o n d  m o n t h  a f t e r  r e t u r n  t o  A l a s k a ,  i r r e s p e c t i v e  o f  t h e  
m o n t h  i n  w h i c h  t h e y  t o o k  t h e i r  trip.
3.2 Seasonal variation in sunlight exposure
H i g h l y  s i g n i f i c a n t  s e a s o n a l  v a r i a t i o n  in s u n l i g h t  
e x p o s u r e  w a s  f o u n d  u s i n g  r e p e a t e d  m e a s u r e s  M A N O V A  (p 
<.001). M e a n  m o n t h l y  v a l u e s  r a n g e d  f r o m  a m i n i m u m  of  14.1 
+ 2 . 2  m i n / d  in  D e c e m b e r  t o  a m a x i m u m  o f  1 3 8 . 6  + 15.9 m i n / d  
in  J u n e  w i t h  a y e a r l y  g r o u p  m e a n  o f  64.1 + 5.7 m i n / d  (Fig. 
13). S N K  c o m p a r i s o n s  of m o n t h l y  m e a n s  s h o w e d  t h a t  a v e r a g e  
s u n  e x p o s u r e  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  
O c t o b e r  a n d  A p r i l  b u t  t h a t  i n  M a y  a n d  J u n e  t h e r e  w e r e  
c o n s e c u t i v e  s i g n i f i c a n t  r i s e s  in s u n  e x p o s u r e  o v e r  w i n t e r  
v a l u e s  (Table 4). T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  t h e  m o n t h s  of J u n e  t h r o u g h  S e p t e m b e r  w i t h  the 
e x c e p t i o n  of A u g u s t  w h i c h  w a s  s i g n i f i c a n t l y  l o w e r  t h a n  
J u n e  a n d  July, b u t  n o t  S e p t e m b e r  (a =.05).
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Fig. 12. Examples of monthly variations in 25-OHD 
in six island visitors.
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Fig. 13. Mean monthly variation in sunlight exposure (min/d) for 01
the full group.
Table 4. Results of Student-Newman-Keuls (SNK) camparisons of ranked mean monthly sunlight exposure.
Month
December January November February October March April May August September July June
Mean (min/d)
14.1 19.5 20.8 21.1 31.9 43.1 51.3 64.6 100.0 128.6 138.0 138.6
Means underlined by the same line are not significantly different (»=.05)
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M A N O V A  t e s t  r e s u l t s  s h o w e d  n o  s i g n i f i c a n t  e f f e c t  of 
sex, o r  s e x  a n d  m o n t h  i n t e r a c t i o n s  o n  m e a n  m o n t h l y  
s u n l i g h t  e x p o s u r e ,  b u t  a f o l l o w u p  l a r g e  s a m p l e  s i g n  te s t  
i n d i c a t e d  t h e r e  w a s  a s i g n i f i c a n t  t r e n d  f o r  m a l e  m o n t h l y  
m e a n s  to b e  l a r g e r  t h a n  f e m a l e  m e a n s  in  t e n  o u t  of t w e l v e  
s t u d y  m o n t h s  (p <.015). F i g u r e  14 s h o w s  the s e a s o n a l  
v a r i a t i o n  i n  s u n l i g h t  e x p o s u r e  f o r  m a l e s  a n d  f e m a l e s  w i t h  
the y e a r l y  m e a n  e x p o s u r e  f o r  ma l e s ,  68.9 + 8.8 m i n / d  
(range: 17-157) a p p r o x i m a t e l y  13% g r e a t e r  t h a n  t h a t  for 
f e m a l e s ,  61.0 + 7.7 m i n / d  (range: 14-208).
3.3 Quarterly analysis of diet records
C o m p i l a t i o n  of m o n t h l y  f o u r - d a y  d i e t  r e c o r d s  r e v e a l e d  
t h a t  t h e  y e a r r o u n d  a v e r a g e  d a i l y  v i t a m i n  D  i n t a k e  w a s  204 
+ 16 I n t e r n a t i o n a l  U n i t s (I U ) / d a y  (n=47, T a b l e  5). A  
M A N O V A  t e s t  w a s  f i t  w i t h  s e x  as t h e  b e t w e e n - s u b j e c t s  
g r o u p i n g  a n d  r e s u l t s  s h o w e d  no s i g n i f i c a n t  s e a s o n a l  
v a r i a t i o n  i n  v i t a m i n  D  i n t a k e  i n  e i t h e r  s e x  (p <.23, Fig. 
15). T h e r e  w a s  h o w e v e r  a s i g n i f i c a n t  y e a r l o n g  sex e f f e c t  
(p <.038) w i t h  a m a l e  y e a r l y  m e a n  i n t a k e  of 246 + 30 
I U / d a y  (range: 92-655) b e i n g  40% h i g h e r  t h a n  t h e  f e m a l e  
y e a r l y  m e a n  i n t a k e  of 175 + 14 I U / d a y  (range: 79-357).
W h e n  v i t a m i n  D  i n t a k e  w a s  c o m p u t e d  o n  a k g  b o d y  
w e i g h t  basis, t h e n  M A N O V A  s h o w e d  no  s i g n i f i c a n t  s e x  e f f e c t  
(p <.256) e v e n  t h o u g h  t h e  m a l e  y e a r l y  m e a n  w a s  3.51 + 0.29
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Fig. 14. Comparison of male and female mean monthly variation
in sunlight exposure (min/d). Results of a large sample 
sign test indicated a significant (p< .015) trend for male 
monthly means to be larger than female means in ten out of 
twelve study months.
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Table 5. Daily vitamin D intake (IU/d), results of quarterly diet record 
analyses.
Group October January April July Yearly x
All (n=47) 201 ±22 182 ±17 216 ±23 217 ±20 204 ±15
Males (n=19) 259 ±47 206 ±24 254 ±46 264 ±33 246 ±30
Females (n=28) 162 ±17 165 ±23 190 ±22 184 ±25 175 ±14
Values are daily means t s.e.; MANOVA results indicate significant 
differences between sexes (p <0.038) but no significant differences 
between months (p <.23).
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Fig. 15. Comparison of male and female quarterly vitamin D intake (IU/d). 
Results of MANOVA analysis indicated a significant yearlong effect 
of sex (p< .038) on vitamin D intake with a male yearly mean intake 
40% greater than the female yearly mean intake.
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IU/ k g ' d ,  19% l a r g e r  t h a n  t h e  f e m a l e  y e a r l y  m e a n  of  2.95 + 
0.14 I U / k g * d  (Fig. 16). Again, t h e r e  w a s  n o  s i g n i f i c a n t  
s e a s o n a l  v a r i a t i o n  i n  v i t a m i n  D . i n t a k e  (p <.083).
W h e n  v i t a m i n  D  i n t a k e  w a s  f i n a l l y  c a l c u l a t e d  o n  a 
m e t a b o l i c  b o d y  w e i g h t  basis, I U / k g 0 , ^ ^ - d  ( F i g . 17), M A N O V A  
r e s u l t s  a g a i n  s h o w e d  no  s i g n i f i c a n t  e f f e c t  of s e x  (p 
<.129). T h e  m a l e  y e a r l y  m e a n  w a s  1 0.37 +  1.81 
IU/kg° *75*d, 26% g r e a t e r  t h a n  t h e  f e m a l e  y e a r l y  m ean, 8.23 
+ 1 . 0  IU/kg° *75*d. T h i s  time, how e v e r ,  t h e  M A N O V A  t e s t  
g a v e  a m a r g i n a l l y  s i g n i f i c a n t  m o n t h  e f f e c t  (p <. 055). N o  
s i g n i f i c a n t  s e x  a n d  m o n t h  i n t e r a c t i o n s  w i t h  2 5 - O H D  lev e l s  
w e r e  f o u n d  i n  a n y  of t h e  t h r e e  v i t a m i n  D  i n t a k e  analy s e s .
T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
q u a r t e r s  o r  b e t w e e n  m a l e s  a n d  f e m a l e s  i n  t h e i r  a v e r a g e  
i n t a k e  of v i t a m i n  D  f r o m  f o r t i f i e d  f o o d s  (Table 6 ).
F e m a l e s  r e c e i v e d  o n  av e r a g e ,  4 9 . 0 %  of t h e i r  t o t a l  D  i n t a k e  
f r o m  f o r t i f i e d  f o o d s  a n d  m a l e s  r e c e i v e d  4 5 . 6 %  f r o m  
f o r t i f i e d  f o o d s  (e.g. f o r t i f i e d  milk, m a r g a r i n e s  a n d  
b r e a k f a s t  c e r e a l s ) .
3.4 Effect of vitamin D intake and sun exposure on 
serum 25-OHD
A d d i t i o n a l  M A N O V A  a n a l y s e s  e x a m i n e d  t h e  e f f e c t s  of 
b o t h  a m o u n t  of v i t a m i n  D  i n t a k e  a n d  l e v e l  of s u n l i g h t  
e x p o s u r e  o n  m o n t h l y  s e r u m  2 5 - O H D  levels. A  M A N O V A  m o d e l
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Fig. 16. Comparison of male and female quarterly vitamin D intake (IU/kg-d).
No significant differences were found between the sexes in any quarter 
when results were calculated as IU vitamin D/kg*d.
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No significant effect of sex was found but a marginally significant 
(p<0.055) month effect was found using MANOVA analysis.
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Table 6. Percentage of IU/d from fortified foods (e.g. vitamin D fortified 
milk, margarines, and breakfast cereals).
Group October January April July Yearly x
All (n=47) 43.4 ±5.0 47.4 ±4.5 49.6 ±4.9 50.2 ±4.3 47.3 ±3.7
Males (n=19) 35.4 ±8.6 44.6 ±7.6 49.7 ±7.4 52.6 ±7.2 45.6 ±5.9
Females (n=28) 48.8 ±5.9 49.3 ±5.6 49.5 ±6.5 48.6 ±5.5 49.0 ±4.8
Values are means ± s.e.; no significant differences were found between 
sexes or between months.
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w a s  i n i t i a l l y  f i t  w i t h  D i n t a k e  as t h e  o n l y  b e t w e e n - s a m p l e  
factor. T h e  v o l u n t e e r s  w e r e  p l a c e d  i n  a l o w  D i n t a k e  
g r o u p  if t h e i r  y e a r l y  m e a n  i n t a k e  w a s  le s s  t h a n  200 IU/d, 
t h e  r e c o m m e n d e d  d i e t a r y  a l l o w a n c e  (RDA) f o r  v i t a m i n  D. 
T h o s e  w h o  c o n s u m e d  g r e a t e r  t h a n  o r  e q u a l  t o  200 I U / d  w e r e  
p l a c e d  i n  a h i g h  D i n t a k e  group. T e s t  r e s u l t s  s h o w e d  a 
h i g h l y  s i g n i f i c a n t  m o n t h  e f f e c t  (p < . 001 ) a n d  a y e a r l o n g  
d i f f e r e n c e  in  2 5 - O H D  b e t w e e n  t h e  t w o  D i n t a k e  g r o u p s  (p 
<.001, F i g . 18), b u t  no  g r o u p  b y  m o n t h  i n t e r a c t i o n s  w e r e  
found. T h e  y e a r l y  m e a n  2 5 - O H D  l e v e l  i n  t h e  l o w  D g r o u p  
w a s  24.2 +  1.3 n g / m l  (n=26, 7 m a l e s  a n d  19 fem a l e s ,  m e a n  D 
i n t a k e =  134 IU/day) a n d  i n  t h e  h i g h  D g r o u p  w a s  30.6 +  1.2 
n g / m l  (n=21, 12 m a l e s  a n d  9 fem a l e s ,  m e a n  D i n t a k e =  290 
I U / d a y ) .
E a c h  D i n t a k e  g r o u p  w a s  t h e n  s p l i t  i n t o  t h r e e  s u n  
e x p o s u r e  g r o ups: t h o s e  w h o  h a d  a y e a r l y  m e a n  e x p o s u r e  less 
t h a n  30 m i n / d  (n=9), t h o s e  w h o  h a d  f r o m  30 t o  90 m i n / d  
(n=29) a n d  t h o s e  w h o  h a d  g r e a t e r  t h a n  90 m i n / d  (n=9). A  
M A N O V A  m o d e l  w a s  fit w i t h  b o t h  D i n t a k e  a n d  s u n  e x p o s u r e  
as b e t w e e n - s a m p l e  f a ctors. A  s i g n i f i c a n t  D i n t a k e  e f f e c t  
w a s  a g a i n  f o u n d  (p <.009) as w e l l  as a s i g n i f i c a n t  m o n t h  
e f f e c t  (p < . 001), a n d  a s u n  g r o u p  b y  m o n t h  i n t e r a c t i o n  (p 
<.004), b u t  n o  o t h e r  g r o u p  e f f e c t s  or  i n t e r a c t i o n s  w e r e  
found. F i g u r e  19 i l l u s t r a t e s  t h e  m o n t h l y  2 5 - O H D  l e v e l s  i n  
a l l  t h r e e  s u n  e x p o s u r e  g r o u p s  a n d  S N K  m e a n  c o m p a r i s o n s
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Fig. 18. Seasonal variation in serum 25-OHD in low and high vitamin D intake groups. 
A highly significant (p< .001) difference was found yearlong between the two 
groups using MANOVA analysis.
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SUN EXPOSURE
Fig. 19. Seasonal variation in serum 25-OHD in low, medium and high sun exposure 
groups. In any given month adjacent group means with a difference greater 
than 3.1 ng/ml and non-adjacent means with a difference greater than 3.75 
ng/ml are significantly different using SNK comparisons of means (a=0.05).
CT)
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f o u n d  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  so m e  of t h e  s u n  
g r o u p s  o n l y  d u r i n g  t h e  s p r i n g  a n d  slimmer m o n t h s .  T a b l e  7 
g i v e s  t h e  y e a r l y  m e a n  v a l u e s  of 25-OHD, v i t a m i n  D  intake, 
s u n  e x p o s u r e  a n d  m a l e / f e m a l e  m a k e u p  of t h e  s i x  D 
i n t a k e / s u n  e x p o s u r e  g r o u p s  u s e d  in t h e  M A N O V A .
3.5 Seasonal variation in related serum metabolites
T a b l e  8 s h o w s  t h e  r e s u l t s  of M A N O V A  for s o m e  i n d i c e s  
of s e r u m  c a l c i u m  a n d  p h o s p h o r u s  m e t a b o l i s m  m e a s u r e d  i n  
M a r c h  (end of w i n t e r  s amples) a n d  S e p t e m b e r  (end of slimmer 
samples) i n  a s u b s e t  o f  t w e n t y - f i v e  n o n - i s l a n d  v i s i t o r s .  
B o t h  s e r u m  i o n i z e d  c a l c i u m  a n d  a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  (AP) i n  p a i r e d  s e r u m  s a m p l e s  w e r e  s i g n i f i c a n t l y  
h i g h e r  in  S e p t e m b e r  t h a n  M a r c h  (p <.001) a n d  of t h e s e  two 
o n l y  A P  s h o w e d  a s i g n i f i c a n t  s e x  e f f e c t  w i t h  m a l e s  h a v i n g  
h i g h e r  v a l u e s  t h a n  f e m a l e s  in  b o t h  m o n t h s  (p <.002). N o  
s i g n i f i c a n t  s e a s o n a l  c h a n g e s  in  s e r u m  1 , 2 5 - ( O H )2D, t o t a l  
c a l c i u m ,  s e r u m  a l b u m i n  o r  t o t a l  i n o r g a n i c  p h o s p h o r u s  w e r e  
f o u n d  b e t w e e n  t h e  p a i r e d  samples. T h e r e  w a s  h o w e v e r  a 
s i g n i f i c a n t  s e x  e f f e c t  f o u n d  in  t h e  p h o s p h o r u s  v a l u e s  w i t h  
f e m a l e s  h a v i n g  h i g h e r  v a l u e s  t h a n  m a l e s  in  b o t h  M a r c h  a n d  
S e p t e m b e r  (p <.039). N o  s i g n i f i c a n t  s e x  a n d  m o n t h  
i n t e r a c t i o n s  w e r e  s e e n  for a n y  o f  t h e s e  M A N O V A  analy s e s .
Table 7. MANOVA analyses group yearly means: 25-OHD, D intake, sun exposure
Group 25-OHD D intake sun exposure sample
(ng/ml) (IU/day) (min/d) size
Low sun 21.4 ± 1.8 132 ± 16 22.3 ± 1.4 6 (2 males/4 females)
Low D intake Medium sun 25.5 ± 2.3 131 ± 12 61.4 ± 5.2 13 (3 males/10 females)
High sun 24.1 ± 1.5 142 ± 12 126.9 ± 16.1 7 (2 males/5 females)
Low sun 28.7 ± 2.1 256 ± 24 21.9 ± 3.8 3 (1 males/2 females)
High D intake Medium sun 30.8 ± 1.5 299 ± 26 56.5 ± 4.3 16 (9 males/7 females)
High sun 30.9 ± 4.1 267 ± 43 111.0 + 19.1 2 (2 males/0 females)
Values are means ± standard error
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Table 8. Results of other serum metabolite analyses 
March and September sample pairs (n=21 to n=Z5 pairs)
Metabolite___________________Mean ± S.E._________________________Range_________________ MANOVA Results
1,25-(0H)„ Vitamin D
pg/m March September Factor sig.
x total (n=21) = 29.28 ± 1.66 27.82 ± 1.87 March: 14.10-51.13 sex n.s.
x females (n=12) 
x males (n=9)
= 28.56 ± 1.97 
30.23 ± 2.97
29.62 ± 2.91 
25.42 ± 1.90
September: 14.53-53.56 month n.s. 
sex x month n.s.
Total Calcium
mg/dl March September Factor sig.
x total (n=24) = 9.18 ± 0.08 9.07 ± 0.09 March: 8.59-9.95 sex n.s.
x females (n=13) 
x males (n=9) =
9.14 ± 0.12 
9.22 ± 0.11
9.00 ± 0.13 
9.15 ± 0.13
September: 8.16-10.13 month n.s. 
sex x month n.s.
Ionized Calcium, pH 7.4
mm/L March September Factor sig.
x total (n=25) = 1.20 ± 0.007 1.23 ± 0.008 March: 1.14-1.26 sex n.s.
x females (n=14) 
x males (n=9) =
1.20 ± 0.008 
1.20 ± 0l012
1.22 ± 0.009 
1.24 ± 0.014
September: 1.17-1.33 month *p<.001 
sex x month n.s.
Serum Albumin
mg/dl March September Factor sig.
x total (n=24) = 4.36 ± 0.06 4.30 ± 0.07 March: 3.78-4.78 sex n.s.
x females (n=13) 
x males (n=9)
= 4.33 ± 0.08 
4.40 ± 0.08
4.21 ± 0.11 
4.40 ± 0.07
September: 3.77-4.71 month n.s. 
sex x month n.s.
Alkaline phosphatasiI
Units/L March September Factor sig.
x total (n=25) = 42.06 ± 2.68 53.02 ± 3.28 March: 16.90-65.66 sex *p<.002
x females (n*14) 
x males (n=ll) =
34.23 ± 2.87 
52.01 ± 2.80
46.60 ± 4.69 
61.19 ± 3.25
September: 16.13-74.11 month *p<.001 
sex x month n.s.
Total phosphorus
mg/dl March September Factor sig.
x total (n=25) = 3.50 ± 0.07 3.64 ± 0.09 March: 3.00-4.10 sex *p<.039
x females (n=14) 
x males (n=ll)
= 3.61 ± 0.10 
3.35 + 0.07
3.75 ± 0.13 
3.49 ± 0.10
September: 3.00-4.60 month n.s.(p<.15) 
sex x month n.s.
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3.6 Linear regression analyses of paired serum 
metabolites
T a b l e  9 o u t l i n e s  t h e  r e s u l t s  of l i n e a r  r e g r e s s i o n  
a n a l y s e s  p e r f o r m e d  o n  s e l e c t e d  m e t a b o l i t e  pairs. N o  
s i g n i f i c a n t  r e g r e s s i o n  c o e f f i c i e n t s  w e r e  f o u n d  f o r  2 5 - O H D  
w h e n  r e g r e s s e d  a g a i n s t  i o n i z e d  c a l c i u m ,  t o t a l  c a lcium,
l , 2 5 - ( O H ) 2D  o r  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  in e i t h e r  
M a r c h  or  S e p t e m b e r .  T o t a l  i n o r g a n i c  p h o s p h o r u s  a n d  
i o n i z e d  c a l c i u m  s h o w e d  a n  i n v e r s e  b u t  i n s i g n i f i c a n t  l i n e a r  
r e l a t i o n s h i p  to l , 2 5 - ( O H ) 2D  in  b o t h  m o n t h s .  B u t  in 
S e p t e m b e r  a s i g n i f i c a n t  i n v e r s e  r e l a t i o n s h i p  w a s  f o u n d  
b e t w e e n  t o t a l  c a l c i u m  a n d  l , 2 5 - ( O H ) 2D  (p <.05). T h e  sa m e  
r e g r e s s i o n  in  t h e  M a r c h  s a m p l e s  w a s  n o t  s i g n i f i c a n t .
T o t a l  s e r u m  c a l c i u m  w a s  s h o w n  t o  b e  d i r e c t l y  r e l a t e d  
t o  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n  M a r c h  b u t  n o t  
S e p t e m b e r  (p <.05). A  s i g n i f i c a n t  i n v e r s e  r e l a t i o n s h i p  
w a s  f o u n d  b e t w e e n  a l k a l i n e  p h o s p h a t a s e  a n d  t o t a l  i n o r g a n i c  
p h o s p h o r u s  in  M a r c h  b u t  n o t  S e p t e m b e r  (p <.05). F i n a l l y  
b o t h  m o n t h s  s h o w e d  s i g n i f i c a n t  d i r e c t  r e l a t i o n s h i p s  
b e t w e e n  s e r u m  a l b u m i n  a n d  t o t a l  c a l c i u m  (March, p <.05, 
S e p t e m b e r ,  p <.01) as w e l l  as b e t w e e n  t o t a l  c a l c i u m  a n d  
i o n i z e d  c a l c i u m  (March, p <.05, S e p t e m b e r ,  p <.05).
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Table 9. Significance of linear regression coefficients for selected metabolite 
pairs.
Coefficient
Month Independent Dependent of Determination Slope F Sig.
variable variable ^2
March 25-OHD 
September 25-OHD 
March 25-OHD 
September 25-OHD 
March 25-OHD 
September 25-OHD 
March 25-OHD 
September 25-OHD
March Ca++
September Ca++
March Total calcium
September Total calcium
March Total phosphorus
September Total phosphorus
March •Total calcium
September Total calcium
March Aik. Phos. Act.
September Aik. Phos. Act.
March Albumin 
September Albumin
March Total calcium 
September Total calcium
Ca++ 0.064
Ca++ 0.0045
Aik. Phos. Act. 0.121
Aik. Phos. Act. 0.000
1.25-(0H)2D 0.0029
1.25-(0H)2D 0.059
Total calcium 0.02
Total calcium 0.03
1.25-(0H)2D 0.054
1.25-(0H)2D 0.027
1.25-(0H)2D 0.014
1.25-(0H)2D 0.289
1.25-(0H)2D 0.063
1.25-(0H)2D 0.035
Aik. Phos. Act. 0.251
Aik. Phos. Act. 0.044
Total phosphorus 0.208
Total phosphorus 0.116
Total calcium 0.224
Total calcium 0.288
Ca++ 0.184
Ca++ 0.193
.00146 1.58 n.s.
-.0003 0.105 n.s.
-.312 3.17 n.s
-.380 1.05 n.s.
0.0782 0.055 n.s.
-.2399 1.20 n.s.
-.0095 0.46 n.s.
-.0095 0.78 n.s.
-51.84 1.08 n.s.
-33.17 0.52 n.s.
- 2.42 0.27 n.s.
-10.17 7.34 P < .05 *
- 5.65 1.27 n.s.
- 3.61 0.69 n.s.
17.21 7.37 P < .05 *
7.62 1.02 n.s.
-0.011 6.03 P < .05 *
-0.009 3.01 n.s.
0.69 6.35 P < .05 *
0.70 8.90 P < .01 *
0.037
0.039
4.96
5.27
P
P
< .05 *
< .05 *
Discussion
4.1 Seasonal variation in 25-OHD
S e a s o n a l  v a r i a t i o n  i n  v i t a m i n  D  status, as s h o w n  b y  
m o n t h l y  v a r i a t i o n  i n  t h e  l a r g e s t  c i r c u l a t i n g  m e t a b o l i t e ,  
25-OHD, h a s  b e e n  d e m o n s t r a t e d  in s e v e r a l  s t u d i e s  in 
A n t a r c t i c ,  s u b a r c t i c ,  a n d  A r c t i c  r e g i o n s  ( F a i r n e y  et  al. 
1979, H o l m b e r g  a n d  L a r s s o n  1980, V i k  e t  al. 1980, L a m b e r g -  
A l l a r d t  e t  al. 1983, 1984, L a m b e r g - A l l a r d t  1984ab, 
S a v o l a i n e n  e t  al. 1980) as w e l l  as in n u m e r o u s  l o wer 
l a t i t u d e  r e g i o n s  b u t  n o  s u c h  s t u d i e s  to d a t e  h a v e  b e e n  
c o n d u c t e d  i n  s u b a r c t i c  or a r c t i c  l a t i t u d e s  i n  t h e  U n i t e d  
States. I n  th i s  s t u d y  of h e a l t h y  F a i r b a n k s  r e s i d e n t s  w e  
f o u n d  a h i g h l y  s i g n i f i c a n t  s e a s o n a l  v a r i a t i o n  i n  s e r u m  25- 
O H D  in  a g r o u p  of A l a s k a n s ,  w h i c h  c o r r e s p o n d e d  to 
s i g n i f i c a n t  m e a s u r e d  s e a s o n a l  c h a n g e s  i n  s u n l i g h t  
ex p o s u r e .  N o  s i g n i f i c a n t  r i s e  in  s u n l i g h t  e x p o s u r e  o v e r  
m i d - w i n t e r  v a l u e s  f o r  t h e  f u l l  g r o u p  w a s  s e e n  u n t i l  M a y  
a n d  th i s  c o r r e s p o n d e d  to a s i g n i f i c a n t  r i s e  i n  s e r u m  25- 
O H D  in June. T h i s  a p p a r e n t  l a g  in  t h e  e l e v a t i o n  of s e r u m
Chapter 4
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2 5 - O H D  a f t e r  a n  i n c r e a s e  i n  s u n  e x p o s u r e  is w e l l  
d o c u m e n t e d  a n d  is i n d i c a t i v e  of the t i m e  p e r i o d  r e q u i r e d  
for the m e t a b o l i s m  of n e w l y  f o r m e d  v i t a m i n  D  (Pa r f i t t  et 
al. 1982, M a w e r  1980).
Th e  l o w e s t  a v e r a g e  w i n t e r  2 5 - O H D  value, 23.1 ng/ml, 
w a s  f o u n d  i n  M a r c h  a n d  the p e a k  v a l u e  of 34.4 n g / m l  w a s  
f o u n d  i n  July, o n e  m o n t h  a f t e r  t h e  a n n u a l  e x t r e m e  v a l u e  of 
U V  light. T h e  l o w e s t  a v e r a g e  v a l u e  is w e l l  o u t  of the 
r i s k  r a n g e  for s u b c l i n i c a l  or c l i n i c a l  v i t a m i n  D 
d e f i c i e n c y  ( H a d d a d  a n d  S t a m p  1974). S e a s o n a l  m e a n  v a l u e s  
a r e  v e r y  s i m i l a r  to s e a s o n a l l y  c h a n g i n g  v a l u e s  f o u n d  in 
l o w e r  a n d  h i g h e r  l a t i t u d e  S c a n d i n a v i a n  c o u n t r i e s :  D e n m a r k ,  
F i n l a n d ,  N o r w a y  a n d  S w e d e n  ( L a m b e r g - A l l a r d t  e t  al. 1983, 
L a m b e r g - A l l a r d t  1984ab, H o l m b e r g  a n d  L a r s s o n  1980, L u n d  
a n d  S o r e n s e n  1979, S a v o l a i n e n  et al. 1980, V i k  e t  al.
1980). I n  the S c a n d i n a v i a n  c o u n t r i e s  a h i g h  v i t a m i n  D 
s t a t u s  is a t t r i b u t e d  to a h i g h  v i t a m i n  D  i n t a k e  p r i m a r i l y  
f r o m  t h e  c o n s u m p t i o n  of l a r g e  a m o u n t s  of f i s h  a n d  f i s h  
oils. V i t a m i n  D  f o r t i f i e d  m a r g a r i n e s  a r e  a l s o  c o n s u m e d  i n  
t h e s e  c o u n t r i e s .
C o m p a r i s o n  o f  th i s  s t u d y  to l o w e r  l a t i t u d e  U.S. 
s t u d i e s  s h o w s  t h a t  t h e  A l a s k a n  2 5 - O H D  v a l u e s  are 
p r e d i c t a b l y  l o w e r  t h a n  v a l u e s  f r o m  h e a l t h y  i n d i v i d u a l s  
l i v i n g  i n  the n o r t h e r n  p a r t s  of the U.S., b u t  d i f f e r e n c e s  
b e t w e e n  a v e r a g e  y e a r l y  m e a n  l o w  a n d  h i g h  v a l u e s  a r e  v e r y
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similar, w i t h  a p e a k  t o  t r o u g h  d i f f e r e n c e  of 9-15 n g / m l  
( C h e s n e y  e t  al. 1981, H a d d a d  a n d  C h y u  1971, H a d d a d  a n d  
S t a m p  1974, N e e r  1985, P r e e c e  e t  al. 1974, 1975, R o g i n s k y  
e t  al. 1974, S h e p a r d  e t  al. 1979, S o w e r s  e t  al. 1986). 
S t r y d  e t  al. (1979) r e p o r t e d  s o m e w h a t  l o w e r  m e a n  w i n t e r  
a n d  s u m m e r  v a l u e s  i n  M i c h i g a n  t h a n  i n  t h e  p r e s e n t  study, 
b u t  h i s  s t u d y  i n c l u d e d  a n a l y s i s  o n l y  of 25- 
h y d r o x y c h o l e c a l c i f e r o l .  A v e r a g e  s p r i n g  v a l u e s  f r o m  th i s  
s t u d y  a r e  m o r e  t h a n  t w i c e  as h i g h  as t h o s e  r e p o r t e d  for 
C a u c a s i a n s  l i v i n g  in  A r c t i c  C a n a d a  (von W e s t a r p  et  al., 
1981), a n d  a b o u t  65% h i g h e r  t h a n  t h o s e  r e c e n t l y  r e p o r t e d  
f or e l d e r  A l e u t s  i n  A l a s k a  (Mazess e t  al. 1985).
F i n a l l y ,  t h e s e  v a l u e s  a r e  s o m e t i m e s  s i m i l a r  to  a n d  
s o m e t i m e s  c o n s i d e r a b l y  h i g h e r  t h a n  m a n y  r e p o r t e d  v a l u e s  
f r o m  h e a l t h y  a d u lts, for all s e a s o n s  f r o m  l o w e r  l a t i t u d e  
w e s t e r n  E u r o p e a n  n a t i o n s  ( D e v g u n  e t  al. 1981, E l l i s  e t  al. 
1977, J u t t m a n  et al. 1981, M c K e n n a  e t  al. 1985, P o s k i t t  et  
al. 1979, P r e e c e  e t  al. 1974, S t a m p  a n d  Rou n d ,  1974).
T h i s  f i n d i n g  c a n  b e  a t t r i b u t e d  t o  t h e  m u c h  l o w e r  
c o n s u m p t i o n  of v i t a m i n  D - r i c h  foods, p a r t i a l l y  d u e  t o  the 
l a c k  o f  f o r t i f i c a t i o n  o f  m i l k  a n d  b r e a k f a s t  c e r e a l s  a n d  
t h e  l o w e r  c o n s u m p t i o n  of f i s h  i n  t h e s e  c o u n t r i e s .  I n  m o s t  
w e s t e r n  E u r o p e a n  n a t i o n s ,  m a r g a r i n e  a n d  s o m e  i n f a n t  
f o r m u l a s  a r e  t h e  o n l y  f o o d  i t e m s  f o r t i f i e d ,  a n d  t h e  u s e  of 
m a r g a r i n e  is o n  t h e  d e cline.
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S e a s o n a l  v a r i a t i o n  i n  v i t a m i n  D  intake, as w e l l  as 
s e a s o n a l  c h a n g e s  in  s u n l i g h t  e x p o s u r e ,  m a y  a l s o  b e  
i n f l u e n c i n g  e l e v a t e d  s u m m e r  D  status. A  s t u d y  in F i n l a n d  
f o u n d  a s i g n i f i c a n t l y  l o w e r  D  i n t a k e  i n  a g r o u p  of e l d e r l y  
i n  w i n t e r  w h e n  c o m p a r e d  to spring, s u m m e r  a n d  f a l l  i n t a k e s  
(L a m b e r g - A l l a r d t  1984a). I n  t h e  p r e s e n t  study, M A N O V A  of 
q u a r t e r l y  v i t a m i n  D  int a k e s ,  w h e n  e x p r e s s e d  as 
I U / k g O * 7 5 * d ,  s h o w e d  a m a r g i n a l l y  s i g n i f i c a n t  m o n t h  e f f e c t  
(p <.055) d e t e c t i n g  a r i s e  in  v i t a m i n  D  i n t a k e  i n  the 
s p r i n g  a n d  s u m m e r  p e r h a p s  c o r r e s p o n d i n g  to an o v e r a l l  r i s e  
i n  f o o d  c o n s u m p t i o n  w i t h  p r e s u m e d  i n c r e a s e d  o u t d o o r  
a c t i v i t y  a n d  e n e r g y  e x p e n d i t u r e  d u r i n g  t h o s e  m o n t h s .  
Q u a r t e r l y  c a l o r i c  i n t a k e  w a s  n o t  m e a s u r e d ,  b u t  the % IU 
f r o m  f o r t i f i e d  f o o d s  ( y e a r l y  m e a n = 4 7 % )  r e m a i n e d  t h e  same 
i n  b o t h  s e x e s  o v e r  t h e  c o u r s e  of t h e  y e a r  i n d i c a t i n g  t h a t  
a r i s e  i n  v i t a m i n  D  i n t a k e  w o u l d  c o r r e s p o n d  to a r i s e  in 
c o n s u m p t i o n  of b o t h  D - f o r t i f i e d  a n d  u n f o r t i f i e d  foods. 
T h e r e  w a s  no  i n d i c a t i o n  t h a t  c h o i c e s  of v i t a m i n  D- 
c o n t a i n i n g  f o o d s  c h a n g e d  o v e r  t h e  s t u d y  year.
A  f i n a l  p o s s i b l e  i n f l u e n c e  o n  s e a s o n a l  v a r i a t i o n s  in 
2 5 - O H D  is t h e  n a t u r a l  s p r i n g  a n d  s u m m e r  i n c r e a s e  in 
v i t a m i n  D  c o n t e n t  of c e r t a i n  foods. R e s e a r c h e r s  h a v e  
s h o w n  t h a t  c e r t a i n  f o o d s  p r o d u c e d  in t h e  s u m m e r  m o n t h s  
h a v e  g r e a t e r  a n t i - r a c h i t i c  v a l u e  t h a n  f o o d s  g r o w n  d u r i n g  
o t h e r  s e a s o n s  ( C h i c k  a n d  R o s c o e  1926). A  g r o u p  of e l d e r l y
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i n  S c o t l a n d  w e r e  s h o w n  to h a v e  a s i g n i f i c a n t  s u m m e r  r i s e  
i n  2 5 - O H D  e v e n  t h o u g h  t h e y  h a d  n o  k n o w n  e x p o s u r e  to 
s u n l i g h t  ( D e v g u n  et  al. 1981). S i n c e  v i t a m i n  D - f o r t i f i e d  
f o o d s  c o n t r i b u t e d  a l m o s t  50% of t h e  v i t a m i n  D  c o n s u m e d  in  
t h e  p r e s e n t  s t u d y  a n d  b e c a u s e  m a n y  a n i m a l  f e e d s  a r e  n o w  
f o r t i f i e d  i n  a s i m i l a r  w a y  y e a r r o u n d ,  a s e a s o n a l l y  
c h a n g i n g  v i t a m i n  D  c o n t e n t  in  f o o d s  w a s  p r o b a b l y  n o t  of 
m a j o r  i m p o r t a n c e  i n  a f f e c t i n g  c i r c u l a t i n g  2 5 - O H D  levels.
4.2 Sexual difference in 25-OHD
S o m e  s t u d i e s  a s s e s s i n g  v i t a m i n  D  s t a t u s  h a v e  n o t e d  no 
d i f f e r e n c e s  i n  2 5 - O H D  l e v e l s  b e t w e e n  t h e  s e x e s  ( M c K e n n a  et 
al. 1985, K a n o  e t  al. 1980). O t h e r  s t u d i e s  h a v e  s h o w n  
t h a t  f e m a l e s  h a d  h i g h e r  c i r c u l a t i n g  2 5 - O H D  (Mazess e t  al. 
1985, S e d r a n i  et  al. 1983, S t a m p  a n d  R o u n d  1974), b u t  m o s t  
h a v e  f o u n d  t h a t  m a l e s  h a d  h i g h e r  c i r c u l a t i n g  2 5 - O H D  (Dabek 
1980, O m d a h l  et  al. 1982, P a r f i t t  et  al. 1982, S t r y d  e t  
al. 1979, S t e p h e n s  e t  al. 1982, V i k  at  al. 1980). I n  the 
p r e s e n t  s t u d y  a h i g h l y  s i g n i f i c a n t  s e x  d i f f e r e n c e  in t o t a l  
2 5 - O H D  l e v e l s  w a s  f o u n d  y e a r r o u n d  w i t h  m a l e  v a l u e s ,  on  the 
a v e r a g e ,  16% h i g h e r  t h a n  f e m a l e  v a l ues. S t r y d  et al. 
(1979) i n  a n o t h e r  U.S. study, f o u n d  a v e r y  s i m i l a r  
d i f f e r e n c e  w i t h  m a l e s  h a v i n g  a 13% i n c r e a s e  o v e r  f e m a l e s  
y e a r r o u n d  i n  s e r u m  25- O H D 3 .
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T h e  d i f f e r e n c e  b e t w e e n  t h e  s e x e s  s e e n  in  this study, 
c a n  p r o b a b l y  b e  e x p l a i n e d  b y  the s i g n i f i c a n t  y e a r r o u n d  
t r e n d  f o u n d  f o r  g r e a t e r  s u n l i g h t  e x p o s u r e  i n  t h e  m a l e s ,  as 
w e l l  as for d a i l y  v i t a m i n  D  i n t a k e  f o r  m a l e s  w h e n  
e x p r e s s e d  as IU/d, a v e r a g i n g  40% m o r e  t h a n  t h e  f e m a l e  
intake. S t e p h e n s  e t  al. (1982) f o u n d  s i m i l a r l y  t h a t  A s i a n  
b o y s  a n d  a d u l t  m a l e s  w e r e  s p e n d i n g  m o r e  t i m e  i n  the s u n  
t h a n  A s i a n  f e m a l e s .  N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  s e r u m  
2 5 - O H D  w e r e  f o u n d  b e t w e e n  m a l e  a n d  f e m a l e  a d u l t s  b u t  A s i a n  
b o y s  h a d  s i g n i f i c a n t l y  h i g h e r  2 5 - O H D  t h a n  girls. In  a 
s t u d y  of F i n n i s h  c h i l d r e n ,  m a l e s  w e r e  f o u n d  to  b e  
c o n s u m i n g  25% m o r e  v i t a m i n  D  t h a n  fe m a l e s ,  u n f o r t u n a t e l y  
s e r u m  2 5 - O H D  w a s  n o t  m e a s u r e d  (L a m b e r g - A l l a r d t  1 9 8 4 c ) .
W h e n  v i t a m i n  D  i n t a k e  w a s  c o r r e c t e d  to  m e t a b o l i c  b o d y  
s i z e  (IU/kg O * 7 5 * d )  t h e  s e x  d i f f e r e n c e  w a s  n o  l o n g e r  
s t a t i s t i c a l l y  s i g n i f i c a n t  a l t h o u g h  a l l  f o u r  q u a r t e r l y  m e a n  
i n t a k e s  for m a l e s  w e r e  g r e a t e r  t h a n  f e m a l e  i n t a k e s  a n d  
a v e r a g e d  26% l a r g e r  for t h e  year. D e s p i t e  t h e  s t a t i s t i c ,  
it  a p p e a r s  t h a t  m a l e s  w e r e  c o n s u m i n g  m o r e  v i t a m i n  D  t h a n  
f e m a l e s  a b o v e  a n d  b e y o n d  a b s o l u t e  m e t a b o l i c  b o d y  si z e  
r e q u i r e m e n t s  w h i c h  c o u l d  b e  i n d i c a t i v e  o f  h i g h e r  m e t a b o l i c  
r a t e s  i n  m a l e s  (Bri g g s  a n d  C a l l o w a y  1979) or of g r e a t e r  
l e v e l s  of p h y s i c a l  a c t i v i t y  l e a d i n g  t o  g r e a t e r  c a l o r i c  
i n t a k e s  a n d  th u s  g r e a t e r  v i t a m i n  D  intake, r e s u l t i n g  in 
h i g h e r  s e r u m  2 5 - O H D  i n  ma l e s .  F u t u r e  s t u d i e s  s h o u l d
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i n c l u d e  a s s e s s m e n t  of  b o t h  s e a s o n a l  s u n l i g h t  e x p o s u r e  a n d  
s e a s o n a l  a c t i v i t y  levels, as w e l l  as c a l o r i c  i n t a k e s  to 
s t u d y  t h e s e  p r o p o s e d  d i f f e r e n c e s  b e t w e e n  the sexes.
No s i g n i f i c a n t  d i f f e r e n c e  w a s  s e e n  b e t w e e n  the s e x e s  
a t  t h e  e n d  of w i n t e r  or s u m m e r  i n  1 , 2 5 - ( O H )2D  in  the 
s u b s a m p l e  of n o n - i s l a n d  v i s i t o r s  i n d i c a t i n g  t h a t  r e m o v a l  
of 2 5 - O H D  i n t o  t h e  m o s t  a c t i v e  m e t a b o l i t e  p o o l  d u e  to 
h i g h e r  e s t r o g e n  l e v e l s  in females, as h a s  b e e n  s u g g e s t e d  
b y  S t r y d  e t  al. (1979) is n o t  o c c u r r i n g .  It is p o s s i b l e  
t h a t  t h e  females, w i t h  h i g h e r  b o d y  f a t  levels, are a b l e  to 
s t o r e  m o r e  v i t a m i n  D  a n d  its m e t a b o l i t e s  in  f a t - c o n t a i n i n g  
t i s s u e s  a l s o  l e a d i n g  to lo w e r  c i r c u l a t i n g  25-OHD. B u t  it 
s e e m s  m o r e  p l a u s i b l e  f r o m  t h i s  study, a n d  f r o m  o t h e r s  t h a t  
h a v e  f o u n d  t h e  r e v e r s e  t r e n d  b e t w e e n  t h e  sexes, t h a t  
b e h a v i o r a l  d i f f e r e n c e s  in  d i e t  h a b i t s  a n d  s u n l i g h t  
e x p o s u r e  c a n  e x p l a i n  t h e  c o n t r a d i c t o r y  f i n d i n g s  of s e x  
d i f f e r e n c e s  in  c i r c u l a t i n g  25-OHD.
4.3 Effect of D intake and sun exposure on 25-OHD
D i f f e r e n c e s  b e t w e e n  l o w  a n d  h i g h  v i t a m i n  D  i n t a k e  
g r o u p s  p r e d i c t a b l y  a f f e c t e d  2 5 - O H D  l e v e l s  y e a r l o n g  a n d  
s e e m e d  to b e  t h e  m o r e  i m p o r t a n t  d e t e r m i n a n t  of y e a r r o u n d  
v i t a m i n  D  s t a t u s  t h a n  d i f f e r e n c e s  in  s u n l i g h t  e x p o s u r e ,  
w h i c h  a f f e c t e d  2 5 - O H D  l e v e l s  o n l y  d u r i n g  t h e  s p r i n g  a n d  
s u m m e r  m o n t h s .  T h i s  f i n d i n g  is d i f f e r e n t  f r o m  s ome
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s t u d i e s  w h e r e  s u n l i g h t  e x p o s u r e  s e e m e d  t o  b e  t h e  m a j o r  
f a c t o r  i n f l u e n c i n g  v i t a m i n  D  s t a t u s  ( P o s k i t t  e t  al. 1979, 
F r a s e r  1981) I n  m a n y  of t h o s e  s t u d i e s  a v e r a g e  v i t a m i n  D 
c o n s u m p t i o n  w a s  m u c h  less t h a n  the R D A  so  t h a t  d i f f e r e n c e s  
in  s u n l i g h t  e x p o s u r e  b e c a m e  m o r e  c r i t i c a l .  T h e  p r e s e n t  
r e s u l t s  c a n  b e  e x p l a i n e d  b y  the r e l a t i v e l y  h i g h  a v e r a g e  
v i t a m i n  D  intake, s l i g h t l y  a b o v e  t h e  R D A  a n d  t h e  f a c t  t h a t  
t h e  g r o u p  as a w h o l e  w a s  c o m p o s e d  of i n d o o r  w o r k e r s  w h o  
w e r e  o n l y  m o d e r a t e l y  o u t d o o r - a c t i v e ,  a v e r a g i n g  a n  h o u r  a 
d a y  of s u n l i g h t  e x p o s u r e  y e a r - r o u n d .  E x t r e m e s  in s u n l i g h t  
e x p o s u r e ,  s u c h  as t h o s e  s e e n  i n  h o u s e b o u n d  i n d i v i d u a l s  or 
y e a r r o u n d  o u t d o o r  w o r k e r s  w e r e  n o t  s e e n  i n  t h i s  g r o u p  of 
v o l u n t e e r s .  I n  t h e  s u b  g r o u p  of i n d i v i d u a l s  w i t h  the 
l o w e s t  y e a r r o u n d  v i t a m i n  D  s t a t u s  ( y e a r l y  m e a n  2 5 - O H D  
l e v e l s  < 2 0 n g / m l  , n=7), all w e r e  f e m a l e s  w h o  c o n s u m e d  
less t h a n  t h e  R D A  f o r  v i t a m i n  D. I n  f a c t  t h e  a v e r a g e  
c o n s u m p t i o n  for t h i s  g r o u p  of s e v e n  f e m a l e s  w a s  134 IU/d, 
o r  67% of t h e  RDA.
A l t h o u g h  F a i r b a n k s  r e c e i v e s  s u n s h i n e  y e a r r o u n d ,  
m o n t h l y  s u m s  of U V  r a d i a t i o n  d r o p  t o  n e g l i g i b l e  l e v e l s  
f r o m  N o v e m b e r  t h r o u g h  J a n u a r y ,  a v e r a g i n g  2.5 % of p e a k  
s u m m e r  v a l u e s .  D u r i n g  t h e s e  m o n t h s ,  t h e r e  is li t t l e  
p r o b a b l e  p o t e n t i a l  for p h o t o p r o d u c t i o n  o f  v i t a m i n  D, e v e n  
i n  o u t d o o r - a c t i v e  i n d i v i d u a l s .  L o w  a m b i e n t  t e m p e r a t u r e  
d u r i n g  t h e  f a l l  a n d  s p r i n g  m o n t h s  m a y  b e  t h e  m o r e
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i m p o r t a n t  l i m i t e r  to e n d o g e n o u s  p h o t o p r o d u c t i o n  of v i t a m i n  
D  t h a n  t h e  l i m i t  of a v a i l a b l e  U V  r a d i a t i o n  as m o s t  o u t d o o r  
a c t i v i t y  r e q u i r e s  c o v e r i n g  a l l  b u t  t h e  f a c e  a n d  h a n d s  
a p p r o x i m a t e l y  s e v e n  m o n t h s  of t h e  year. A  r e c e n t  s t u d y  
s h o w e d  t h a t  t h e r e  is m u c h  p o t e n t i a l  f o r  p h o t o p r o d u c t i o n  of 
v i t a m i n  D  t h r o u g h  c l o t h i n g  ( H u t c h i n s o n  a n d  H a l l  1984), b u t  
t h e  t h i c k n e s s  of m u l t i p l e  l a y e r e d  c l o t h i n g  in A l a s k a  
p r o b a b l y  k e e p s  t h i s  f r o m  o c c u r r i n g .  D u r i n g  t h e  s u m m e r  
m o n t h s  r e s i d e n t s  k e e p  m u c h  of t h e i r  b o d i e s  c l o t h e d  b e c a u s e  
of the p e r s i s t a n t  a n d  a n n o y i n g  m o s q u i t o s  a n d  b i t i n g  fl i e s  
a n d  b e c a u s e  of this, an  A l a s k a n  s u m m e r  s u n t a n  b e c o m e s  o n e  
of t h e  f a c e  a n d  hands. In s p i t e  of this, a s i g n i f i c a n t  
r i s e  i n  s e r u m  2 5 - O H D  w a s  s e e n  in  t h e  s u m m e r  a n d  
d i f f e r e n c e s  b e t w e e n  low, m e d i u m  a n d  h i g h  s u n  e x p o s u r e  
g r o u p s  w e r e  d e t e c t e d  d u r i n g  s ome of t h e  s p r i n g  a n d  s u m m e r  
m o n t h s ,  i n d i c a t i n g  a s i g n i f i c a n t  e n d o g e n o u s  p r o d u c t i o n  of 
v i t a m i n  D.
4.4 Effect of south island visits on 25-OHD
M a n y  s t u d i e s  e x a m i n i n g  s e a s o n a l  v a r i a t i o n  in 2 5 - O H D  
h a v e  n o t e d  t h e  e f f e c t s  of v a c a t i o n s  t o  s u n n i e r  l o c a t i o n s  
as h a v i n g  a p o s i t i v e  e f f e c t  o n  c i r c u l a t i n g  2 5 - O H D  ( J u t t m a n  
e t  al. 1981, P o s k i t t  e t  al. 1979, S t e p h e n s  e t  al. 1982).
I n  t his study, 21% of t h e  v o l u n t e e r s  t o o k  s o u t h  i s l a n d  
v a c a t i o n s ,  a v e r a g i n g  t w o  w e e k s  s o m e t i m e  o v e r  t h e  s t u d y
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y e a r  b u t  u s u a l l y  d u r i n g  t h e  w i n t e r  m o n t h s .  T h e  e f f e c t  of 
s u c h  t r i p s  o n  t h e s e  i n d i v i d u a l s ,  w a s  to  m a r k e d l y  r a i s e  
c i r c u l a t i n g  2 5 - O H D  for o n e  to two m o n t h s  a f t e r  t h e i r  
return. T h e  g r o u p  as a wh o l e ,  h a d  s i g n i f i c a n t l y  h i g h e r  
c i r c u l a t i n g  2 5 - O H D  l e v e l s  d u r i n g  t h e  m o n t h s  of M a r c h  a n d  
Ap r i l ,  w i t h  a p e a k  i n c r e a s e  of 10 n g / m l  o v e r  t h e  n o n ­
i s l a n d  v i s i t  g r o u p  i n  Ma r c h .  P r e s u m i n g  t h a t  an 
i n d i v i d u a l ' s  l o w e s t  c i r c u l a t i n g  v i t a m i n  D  l e v e l  is f o u n d  
in  M a r c h  or  Ap r i l ,  s u c h  t r i p s  c o u l d  p o t e n t i a l l y  h a v e  a 
v e r y  s i g n i f i c a n t  e f f e c t  i n  i m p r o v i n g  l a t e  w i n t e r  v i t a m i n  D 
status. U n f o r t u n a t e l y  a m a j o r i t y  of A l a s k a n  r e s i d e n t s  do 
n o t  t a k e  s u c h  t r i p s  often.
4.5 Seasonal and sex variation in other serum 
metabolites and in selected regression analyses
4.5.1 l,25-(OH)2D
I n d i v i d u a l s  w i t h  s e v e r e l y  l o w e r e d  s e r u m  cal c i u m ,  
p h o s p h o r u s ,  or 2 5 - O H D  u s u a l l y  h a v e  e l e v a t e d  s e r u m
l , 2 5 - ( O H ) 2D  ( M c K e n n a  e t  al. 1985, N o r m a n  1979). I n  an 
A l a s k a n  study, M a z e s s  e t  al. (1985) f o u n d  d r a m a t i c a l l y  
e l e v a t e d  s e r u m  l , 2 5 - ( O H ) 2D  l e v e l s  i n  M a r c h ,  a n d  l o w  n o r m a l  
v a l u e s  of s e r u m  2 5 - O H D  l e v e l s  (m e a n =  16.6 ng/ml) in  a 
g r o u p  of 53 a d u l t  A l e u t i a n  I s l a n d e r s  f r o m  St. P a u l  Island, 
A l a s k a  (57° N  Lat). T h e i r  s t u d y  s h o w e d  a s i g n i f i c a n t
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i n v e r s e  l i n e a r  r e l a t i o n s h i p  b e t w e e n  1 , 2 5 - ( O H ) 2D  a n d  % b o n e  
m i n e r a l  c o n t e n t  in  f e m a l e s  b u t  n o t  i n  males.
I n  this study, a b n o r m a l l y  h i g h  1 , 2 5 - (O H ) 2D  v a l u e s  
w e r e  n o t  f o u n d  for a s u b s a m p l e  of n o n - i s l a n d  v i s i t e r s  in 
e i t h e r  M a r c h  (e n d  of w i n t e r ) o r  S e p t e m b e r  (e n d  of s u m m e r ). 
I n  fa c t  v a l u e s  w e r e  w e l l  w i t h i n  U.S. n o r m s  ( C h e s n e y  et  al.
1981). I n  a d d i t i o n  n o  s i g n i f i c a n t  i n v e r s e  r e g r e s s i o n s  
w e r e  f o u n d  b e t w e e n  i o n i z e d  c a l c i u m  o r  t o t a l  i n o r g a n i c  
p h o s p h o r u s  a n d  l , 2 5 - ( O H ) 2D. A  s i g n i f i c a n t  i n v e r s e  
r e l a t i o n s h i p  b e t w e e n  t o t a l  c a l c i u m  a n d  1 , 2 5 - ( O H ) 2D  w a s  
f o u n d  in  the S e p t e m b e r  b u t  n o t  in t h e  M a r c h  s amples. In 
g e n e r a l  t h e s e  f i n d i n g s  s u g g e s t  t h a t  b o t h  t h e  c a l c i u m  and 
v i t a m i n  D  s t a t u s  o f  th i s  h e a l t h y  g r o u p  w e r e  n o t  s e v e r e l y  
i m p a i r e d .  C o n c l u s i o n s  a r e  l i m i t e d  b e c a u s e  of t h e  s m a l l  
s a m p l e  s i z e  e x a m i n e d  in  o n l y  t w o  m o n t h s  of the year.
4.5.2 Ionized calcium, total calcium and phosphorus
S e v e r a l  s t u d i e s  h a v e  d e m o n s t r a t e d  s e a s o n a l  s h i f t s  in 
c a l c i u m  b a l a n c e  in  n o r m a l  i n d i v i d u a l s  a n d  f o u n d  t h a t  
b a l a n c e s  w e r e  b e t t e r  d u r i n g  t h e  s u m m e r  m o n t h s  t h a n  d u r i n g  
w i n t e r  m o n t h s  ( M c C a n c e  a n d  W i d d o w s o n  1943, M a l m  1958).
N e e r  et  al. (1971) w e r e  a b l e  to  i m p r o v e  c a l c i u m  a b s o r p t i o n  
i n  a g r o u p  of e l d e r l y  i n  w i n t e r  b y  t r e a t i n g  t h e m  w i t h  
a r t i f i c i a l  (UV) light. G u p t a  et  al. (1974) f o u n d  a 
s e a s o n a l i t y  in h y p o c a l c e m i a  in I n d i a n s  l i v i n g  in  Br i t a i n .
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S e r u m  c a l c i u m  l e v e l s  in t h i s  g r o u p  w e r e  s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  s e r u m  2 5 - O H D  a n d  h y p o c a l c e m i c  c o n d i t i o n s  
f o u n d  i n  t h e  s p r i n g  w e r e  s p o n t a n e o u s l y  c o r r e c t e d  d u r i n g  
t h e  summer. V i k  e t  al. (1980) f o u n d  l o w e r  s e r u m  c a l c i u m  
a n d  p h o s p h o r u s  l e v e l s  i n  M a r c h  t h a n  d u r i n g  s u m m e r  m o n t h s ,  
a l t h o u g h  2 5 - O H D  l e v e l s  w e r e  q u i t e  a d e q u a t e  d u r i n g  b o t h  
seasons. P r e s u m a b l y  t h e s e  f i n d i n g s  w e r e  d u e  to  
p h o t o p e r i o d  c h a n g e s  a f f e c t i n g  t h e  v i t a m i n  D  s t a t u s  of t h e  
i n d i v i d u a l s  a n d  c o n s e q u e n t l y  t h e i r  a b i l i t y  t o  a b s o r b  a n d  
m o b i l i z e  ca l c i u m .
S e r u m  i o n i z e d  c a l c i u m  (Ca++) for o u r  g r o u p  s h o w e d  a 
s l i g h t  b u t  h i g h l y  s i g n i f i c a n t  r i s e  w i t h i n  t h e  n o r m a l  r a n g e  
b e t w e e n  M a r c h  a n d  S e p t e m b e r  i n  t h e  s u b s a m p l e  of y e a r r o u n d  
r e s i d e n t s  ( m e a n =  1.20 m m / 1 ,  Mar c h ;  m e a n =  1.23 mm/1, 
S e p t e m b e r ) , i n d i c a t i n g  a p o s s i b l e  e n h a n c e m e n t  of c a l c i u m  
b a l a n c e  b y  t h e  e n d  of summer. B u t  b e c a u s e  n o  s e a s o n a l  
c h a n g e  in  s e r u m  l , 2 5 - ( O H ) 2 D  o r  t o t a l  c a l c i u m  w a s  seen, 
a n o t h e r  e x p l a n a t i o n  for t h e  i o n i z e d  c a l c i u m  s h i f t  m u s t  be 
sought.
It is p o s s i b l e  t h a t  t h e  m a r g i n a l l y  s i g n i f i c a n t  m o n t h  
e f f e c t  s e e n  in v i t a m i n  D  i n t a k e  f o r  t h e  g r o u p  w h e n  i n t a k e s  
w e r e  e x p r e s s e d  as I U / k g ® * ^ ^ * d ,  if i n d i c a t i v e  of an o v e r a l l  
s u m m e r  r i s e  in c a l o r i c  intake, c o u l d  m e a n  t h a t  s u m m e r  
c a l c i u m  c o n s u m p t i o n  w a s  c o r r e s p o n d i n g l y  i n c r e a s e d .
I o n i z e d  c a l c i u m  c a n  e n t e r  i n t e s t i n a l  e p i t h e l i a l  c e l l s  b o t h
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b y  s i m p l e  d i f f u s i o n  as w e l l  b y  v i t a m i n  D - a s s i s t e d  
m e c h a n i s m s  ( W a s s e r m a n  e t  al. 1984) t h u s  a p o s s i b l e  
s e a s o n a l  i n c r e a s e  in  d i e t a r y  c a l c i u m  m a y  be  a f f e c t i n g  
s e r u m  C a + +  i r r e s p e c t i v e  of l e v e l s  of 1 , 2 5 - ( O H )2D. A  
s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  t o t a l  
c a l c i u m  a n d  i o n i z e d  c a l c i u m  in b o t h  m o n t h s .  F u t u r e  
st u d i e s  in  A l a s k a  s h o u l d  i n c l u d e  s e a s o n a l  a n a l y s i s  of b o t h  
b l o o d  c a l c i u m  a n d  d i e t a r y  c a l c i u m  intakes.
4.5.3 Alkaline phosphatase
L o w e r e d  v i t a m i n  D  s t a t u s  r e s u l t i n g  i n  t h e  d e f i c i e n c y  
d i s e a s e ,  r i c k e t s ,  is o f t e n  a c c o m p a n i e d  b y  e l e v a t i o n s  in 
s e r u m  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y ;  b u t  i n  t h e  a d u l t  
d e f i c i e n c y  d i s e a s e ,  o s t e o m a l a c i a ,  e l e v a t i o n s  in  e n z y m e  
a c t i v i t y  a r e  n o t  a l w a y s  seen. T w o  r e c e n t  s t u d i e s  f o u n d  
m a r k e d  e l e v a t i o n s  of a l k a l i n e  p h o s p h a t a s e  in v i t a m i n  D 
d e f i c i e n t  e l d e r l y  a d u l t s  ( M c K e n n a  e t  al. 1985, L a m b e r g -  
A l l a r d t  1984 b ) . T h e s e  e l e v a t i o n s  a r e  t h o u g h t  to 
o r i g i n a t e  f r o m  a n  a n o m a l o u s  r i s e  in o s t e o b l a s t  a c t i v i t y  
a n d  s u b s e q u e n t  r e l e a s e  of s k e l e t a l  a l k a l i n e  p h o s p h a t a s e  
i n t o  c i r c u l a t i o n  ( M c C o m b  et al. 1979). I n  t h e  p r e s e n t  
s t u d y  no  e l e v a t i o n  of a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  w a s  
s e e n  at t h e  e n d  of w i n t e r  w h e n  D  s t a t u s  w a s  lowest, a g a i n  
i n d i c a t i n g  no  o v e r t  d i s t u r b a n c e  of c a l c i u m  m e t a b o l i s m .
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I n s tead, a s i g n i f i c a n t  r i s e  in  e n z y m e  a c t i v i t y  w a s  s e e n  
w i t h i n  t h e  n o r m a l  r a n g e  f r o m  M a r c h  to Sep t e m b e r .
E l e v a t i o n s  i n  s e r u m  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  c a n  
b e  c a u s e d  b y  m a n y  d i f f e r i n g  d i s e a s e  s t a t e s  to w h i c h  thi s  
h e a l t h y  g r o u p  w a s  n o t  prone. T h e r e f o r e  a n o t h e r  e x p l a n a t i o n  
f o r  t h e  e l e v a t i o n  is p r o p o s e d .  I n c r e a s e s  in p h y s i c a l  
e x e r c i s e  h a v e  b e e n  s h o w n  to c a u s e  t r a n s i e n t  b u t  
s i g n i f i c a n t  i n c r e a s e s  in s e r u m  a l k a l i n e  p h o s p h a t a s e  
a c t i v i t i e s  ( M c C o m b  e t  al. 1979). M o d e r a t e  e x e r c i s e  is 
a s s o c i a t e d  w i t h  b o n e  a c c r e t i o n  a n d  i n c r e a s e d  o s t e o b l a s t  
a cti v i t y .  P e r h a p s  s e a s o n a l  i n c r e a s e s  in o u t d o o r  p h y s i c a l  
a c t i v i t y ,  p r e s u m e d  to  b e  h i g h e r  in s u m m e r  w h e n  a m b i e n t  
t e m p e r a t u r e s  a n d  s u n s h i n e  h o u r s  are g r e a t l y  in c r e a s e d ,  
h a v e  r e s u l t e d  in  h i g h e r  s e r u m  a l k a l i n e  p h o s p h a t a s e  f r o m  
i n c r e a s e d  o s t e o b l a s t  turn o v e r .  T h i s  h y p o t h e s i s  c a n n o t  be 
v e r i f i e d  as s e a s o n a l  c h a n g e s  in p h y s i c a l  a c t i v i t y  w e r e  n o t  
m o n i t o r e d .  I n  a d d i t i o n ,  t h e  i s o e n z y m e  p r o f i l e  of t h e  
a l k a l i n e  p h o s p h a t a s e  w a s  n o t  a n a l y z e d  so a n  o s t e o b l a s t  (or 
s kel e t a l )  o r i g i n  f o r  t h e  i n c r e a s e  in  e n z y m e  l e v e l s  a n d / o r  
a c t i v i t y  is n o t  known.
S e x  d i f f e r e n c e s  in  s e r u m  a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  h a v e  b e e n  n o t e d  in  m o s t  s t u d i e s  ( M c C o m b  e t  al. 
1979) a n d  t h i s  s t u d y  h a s  s i m i l a r l y  f o u n d  e n z y m e  a c t i v i t y  
l e v e l s  s i g n i f i c a n t l y  h i g h e r  in  m a l e s  t h a n  f e m a l e s  in b o t h  
M a r c h  a n d  S e p t e m b e r .  T h e  c a u s e  of t h i s  s e x  d i f f e r e n c e  h a s
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n o t  y e t  b e e n  d i s c e r n e d .  I n  t h i s  s t u d y  t o t a l  i n o r g a n i c  
p h o s p h o r u s  l e v e l s  w e r e  f o u n d  t o  b e  s i g n i f i c a n t l y  h i g h e r  in  
f e m a l e s  t h a n  in m a l e s  in  b o t h  m o n t h s .  I n o r g a n i c  
p h o s p h o r u s ,  o n e  of t h e  p r o d u c t s  of a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y ,  h a s  b e e n  s h o w n  to i n h i b i t  t h e  a c t i v i t y  of this 
e n z y m e  ( M c C o m b  e t  al. 1979) t h e r e f o r e  t h e  e l e v a t e d  s e r u m  
p h o s p h o r u s  s e e n  i n  f e m a l e s  m a y  b e  h a v i n g  a n e g a t i v e  e f f e c t  
o n  e n z y m e  a c t i v i t y .  T h e  s i g n i f i c a n t  i n v e r s e  r e g r e s s i o n  
f o u n d  b e t w e e n  t o t a l  p h o s p h o r u s  a n d  a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  for t h e  g r o u p  i n  Ma r c h ,  s u p p o r t s  t h i s  h y p o t h e s i s .  
T h e  sa m e  r e g r e s s i o n  for S e p t e m b e r  h a d  a s i m i l a r  s l o p e  b u t  
w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
L a s t l y ,  a n  i n t e r e s t i n g  p o s i t i v e  r e l a t i o n s h i p  w a s  
f o u n d  b e t w e e n  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  a n d  t o t a l  
s e r u m  c a l c i u m  i n  M a r c h  b u t  n o t  S e p t e m b e r .  B e c a u s e  h i g h e r  
s e r u m  c a l c i u m  l e v e l s  a r e  r e q u i r e d  for i n c r e a s e d  o s t e o b l a s t  
a n d  a n a b o l i c  b o n e  b u i l d i n g  p r o c e s s e s ,  o n e  c o u l d  
h y p o t h e s i z e  a s k e l e t a l  o r i g i n  for t h i s  i n c r e a s e  in  e n z y m e  
a c t i v i t y  a s s o c i a t e d  w i t h  i n d i v i d u a l s  h a v i n g  h i g h e r  s e r u m  
c a l c i u m  a v a i l a b l e  for s u c h  p r o c e s s e s .  S u c h  a h y p o t h e s i s  
w o u l d  a g a i n  r e q u i r e  a n  i s o e n z y m e  s t u d y  to  d i s c e r n  the 
o r i g i n  of t h e  p r e s u m e d  i n c r e a s e d  e n z y m e  levels.
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4.6 Conclusion
In  c o n c l u s i o n ,  a h i g h l y  s i g n i f i c a n t  s e a s o n a l  
v a r i a t i o n  in  s e r u m  2 5 - O H D  w a s  f o u n d  w i t h  an e l e v a t i o n  
a b o v e  w i n t e r  a n d  s p r i n g  v a l u e s  o c c u r r i n g  in J u n e  o n e  m o n t h  
a f t e r  a s i g n i f i c a n t  r i s e  in s u n l i g h t  e x p o s u r e .  A l t h o u g h  
d i f f e r e n c e s  in y e a r l y  s u n  e x p o s u r e  a f f e c t e d  s e r u m  2 5 - O H D  
in  s p r i n g  a n d  s u m m e r  m o n t h s ,  d i f f e r e n c e s  i n  d i e t a r y  
v i t a m i n  D a f f e c t e d  i n d i v i d u a l s  m o r e  d r a m a t i c a l l y  a l l  y e a r  
long. T h u s  e x o g e n o u s  i n t a k e  of v i t a m i n  D s h o u l d  be  
c o n s i d e r e d  t o  b e  t h e  m o r e  i m p o r t a n t  d e t e r m i n a n t  of 
y e a r r o u n d  v i t a m i n  D s t a t u s  in v i e w  of t h e  u n i q u e  
l i m i t a t i o n s  t o  e n d o g e n o u s  p h o t o p r o d u c t i o n  of  v i t a m i n  D in 
Al a ska. A l m o s t  50% of t h e  v i t a m i n  D i n t a k e  c a m e  f r o m  
f o r t i f i e d  foods, a n d  h a d  t h e s e  n o t  b e e n  a v a i l a b l e ,  the 
a v e r a g e  c o n s u m p t i o n  for t h i s  n u t r i e n t  w o u l d  h a v e  b e e n  
a p p r o x i m a t e l y  o n e  h a l f  of t h e  RDA, or 100 IU/d. O t h e r  
p r o m i n e n t  s o u r c e s  f o r  th i s  n u t r i e n t  c a m e  f r o m  f a t t y  f i s h  
(s a l m o n  a n d  tuna), eggs, a n d  p r o c e s s e d  m e a t  p r o d u c t s .
A v e r a g e  m o n t h l y  v a l u e s  f r o m  th i s  s t u d y  a r e  s l i g h t l y  
l o w e r  t h a n  t h o s e  f o u n d  in h e a l t h y  a d u l t s  in h i g h e r  
l a t i t u d e  U.S. stu d i e s ,  b u t  h i g h e r  t h a n  t h o s e  r e c e n t l y  
r e p o r t e d  f r o m  a r c t i c  C a n a d a  a n d  A l a ska. A l l  the a v e r a g e  
m o n t h l y  m e a n  v a l u e s  w e r e  c o n s i d e r e d  t o  b e  w e l l  a b o v e  
r a c h i t i c  v a l u e s ,  a l t h o u g h  a f e w  i n d i v i d u a l s  f e l l  b e l o w  10
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n g / m l  d u r i n g  so m e  of the w i n t e r  m o n t h s .  T h e  p r e s e n t  s t u d y  
h a d  v e r y  s i milar, if n o t  i d e n t i c a l  v a l u e s  t o  n o r t h e r n  
E u r o p e a n  s t u d i e s  w h e r e  c o n s u m p t i o n  of v i t a m i n  D - r i c h  f o ods 
is q u i t e  common. B u t  t h e s e  A l a s k a n  f i n d i n g s  a r e  i n  s h a r p  
c o n t r a s t  t o  the m u c h  l o w e r  n o r m a l  v a l u e s  r e p o r t e d  for 
w e s t e r n  a n d  s o u t h e r n  E u r o p e a n  n a t i o n s  w h e r e  v i t a m i n  D  
c o n s u m p t i o n  is m a r k e d l y  less.
A n  u n e x p e c t e d  d i f f e r e n c e  i n  2 5 - O H D  w a s  f o u n d  b e t w e e n  
th e  s exes w i t h  m a l e s  h a v i n g  v a l u e s  16% h i g h e r  t h a n  f e m a l e s  
o n  t h e  a v e r a g e  y e a r r o u n d .  T h i s  c a n  b e  a d e q u a t e l y  
e x p l a i n e d  b y  t h e  l a r g e  s i g n i f i c a n t  d i f f e r e n c e  i n  v i t a m i n  D  
i n t a k e  (IU/d) a v e r a g i n g  40% m o r e  i n  m a l e s  t h a n  females. 
T h e r e  is a l s o  a t r e n d  for v i t a m i n  D  intake, w h e n  e x p r e s s e d  
o n  a m e t a b o l i c  b o d y  w e i g h t  ba s i s ,  to  be  l a r g e r  for m a l e s  
t h a n  f e m a l e s  i n  all f o u r  q u a r t e r s  e x a m i n e d .  I n  addit i o n ,  
t h e r e  w a s  a s i g n i f i c a n t  t r e n d  for m a l e s  to s p e n d  m o r e  
m i n u t e s  e x p o s e d  t o  s u n s h i n e  e a c h  d a y  t h a n  f e males, g i v i n g  
t h e m  a b e t t e r  c h a n c e  for p h o t o p r o d u c t i o n  of v i t a m i n  D.
A l l  t h o s e  i n d i v i d u a l s  w i t h  y e a r l y  m e a n  2 5 - O H D  l e v e l s  b e l o w  
20 n g / m l  w e r e  f e m a l e s  (15 % of t h e  s t u d y  g r o up), 
i n d i c a t i n g  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  s e x e s  p l a c e s  
f e m a l e s  a t  g r e a t e r  r i s k  for d e v e l o p m e n t  of v i t a m i n  
d e f i c i e n c y .
A  c o n s i d e r a b l e  e f f e c t  of v a c a t i o n s  to s u n n i e r  
l o c a t i o n s  w a s  s e e n  w i t h  a m a r k e d  e l e v a t i o n  i n  l a t e  w i n t e r
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s e r u m  2 5 - O H D  v a l u e s  a b o v e  t h o s e  w h o  d i d  n o t  t a k e  s u c h  
v a c a t i o n s .  T h e s e  t r i p s  i m p a r t  a c o n s i d e r a b l e  e l e v a t i o n  in  
v i t a m i n  D  s t a t u s  d u r i n g  a t i m e  of y e a r  w h e n  v i t a m i n  D 
s t a t u s  is n o r m a l l y  lowest.
T h i s  s t u d y  of v i t a m i n  D  s t a t u s  i n  h e a l t h y  F a i r b a n k s  
r e s i d e n t s  p r o v i d e s  t h e  f i r s t  y e a r r o u n d  b a s e l i n e  d a t a  for 
c o m p a r i s o n  w i t h  o t h e r  A l a s k a n  g r o u p s  c o n s i d e r e d  to b e  at 
g r e a t e r  r i s k  for s u b c l i n i c a l  a n d  c l i n i c a l  v i t a m i n  D 
d e f i c i e n c y .  T h e s e  f i n d i n g s  s h o w e d  t h a t  n o r m a l  l e v e l s  of 
s e r u m  c a l c i u m ,  p h o s p h o r u s ,  25-OHD, 1 , 2 5 - ( O H ) 2D  a n d  
a l k a l i n e  p h o s p h a t a s e  w e r e  m a i n t a i n e d  d e s p i t e  t h e  e x t r e m e  
s e a s o n a l  d i f f e r e n c e s  in s u n l i g h t  e x p o s u r e .  C a u t i o n  s h o u l d  
b e  t a k e n  i n  e x t r a p o l a t i n g  t h e s e  f i n d i n g s  to o t h e r  A l a s k a n  
groups, as t h i s  h e a l t h y  g r o u p  p r o b a b l y  r e p r e s e n t s  the 
h i g h e s t  p o t e n t i a l  for a d e q u a t e  n u t r i t i o n a l  s t a t u s  at t his 
latitude.
S e a s o n a l  s h i f t s  in  c i r c u l a t i n g  v i t a m i n  D  m e t a b o l i t e s ,  
i o n i z e d  c a l c i u m ,  a n d  a l k a l i n e  p h o s p h a t a s e  m a y  i n d i c a t e  a 
n e t  s e a s o n a l  s h i f t  in  c a l c i u m  b a l a n c e  a n d  b o n e  g r o w t h  and 
r e s o r p t i o n  in c e r t a i n  i n d i v i d u a l s .  F u r t h e r  d e t a i l e d  
s t u d i e s  w o u l d  be  n e e d e d  to t e s t  thi s  h y p o t h e s i s .
F i n a l l y ,  a s s e s s m e n t  of v i t a m i n  D  s t a t u s  of g r o u p s  at 
g r e a t e r  r i s k  for v i t a m i n  D  d e f i c i e n c y  (i.e. elderly, 
c h i l d r e n ,  m o t h e r s ,  d a r k e r - s k i n n e d  i n d i v i d u a l s ,  a l c o h o l i c s ,  
a n d  in  g e n e r a l , l o w e r  i n c o m e  g r o u p s ), s h o u l d  b e  c a r r i e d
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o u t  in l i g h t  of t h e  l o w e r e d  v i t a m i n  D  s t a t u s  u s u a l l y  f o u n d  
for t h e s e  g r o u p s  a t  l o w e r  l a t i t u d e s  in  t h e  U n i t e d  States. 
L o w  c i r c u l a t i n g  v i t a m i n  D  l e v e l s  c o u p l e d  w i t h  t y p i c a l l y  
i n a d e q u a t e  c o n s u m p t i o n  of ca l c i u m ,  c o u l d  p l a c e  t h e s e  
g r o u p s  a t  g r e a t e r  r i s k  f o r  d e v e l o p i n g  o s t e o p o r o s i s  l a ter 
i n  life.
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nam e: _______________________
WORK PHONE # ______________
HOME PHONE # ______________
AGE:_________
1 )  How many y e a r s  havm y o u  l i v a d  i n  A la s k a ?  _________
2 )  A r c  y o u  p la n n i n g  a n y  v a c a t i o n s  i n  t h e  n s x t  1 2  m o n th s ?  W here?
f a l l   - ’
M in t s r  _________________________  '
s p r i n g  _________________________
s u m m e r _______________________    •
3 )  A r s  y o u  t a k i n g  a n y  v i t a m in  a n d / o r  m in e r a l  s u p p l e m e n t s ?  y e s   n o ___
4 )  W ould y o u  b e  M i l l i n g  t o  r e f r a i n  fr o m  t a k i n g  V it a m in  D and c a lc iu m
s u p p l e m e n t s  o v e r  t h e  c o u r s e  o f  t h i s  y e a r ?  y e s   n o ______
5 )  Do y o u  u s e  s u n la m p s  o r  t a n  y o u r s e l f  a t  t a n n i n g  c e n t e r s ?  y e s   n o___
6 )  Do y o u  e a t  b r e a k f a s t ?  y e s   n o ____
7 )  W ould y o u  b e  M i l l i n g  t o  s k i p  b r e a k f a s t  o r  e a t  v e r y  l i g h t l y  t h e
m o r n in g  y o u  com e i n  t o  d o n a t e  b lo o d ?  y e s _n o   ( p e r h a p s
b r i n g  a  s n a c k  t o  e a t  a f t e r  t h e  b lo o d  h a s  b e e n  t a k e n . . . )
8 )  A r e  y o u  a  m ilk  d r i n k e r ?  y e s  n o ____
What k in d  o f  m i lk ? _____________________  (b r a n d  nam e)
I s  i t  V ita m in  D f o r t i f i e d ?  y e s_ _   n o    unknow n _
Hom much m ilk  d o  y o u  d r in k  p e r  M eek :____________________________
9 )  A re y o u  i n  g o o d  h e a l t h ?  y e s   n o ___
c o m m e n ts :_______________________________ _____ ___________________________________
1 0 )  Do y o u  h a v e  a n y  h i s t o r y  o f :
a )  l i v e r  d i s e a s e  y e s   n o  __ ______________ __________________________________
b> k id n e y  d i s e a s e  y e s    n o  __ ______________________________________________
c )  i n t e s t i n a l  d i s e a s e  y e s   n o  _____ ______________________________________
d ) d i e t a r y  d i s e a s e  y e s   n o  ________________________________________________
e )  h o rm o n a l d i s e a s e  y e s  n o  ________________________________________________
f )  c h r o n i c  d i s e a s e  y e s  n o   _____________________________________________
g> s e i z u r e  d i s o r d e r  y e s  n o   _____________________________________________
1 1 )  A r e  y o u  on a n y  s o r t  o f  a  s p e c i a l  d i e t ?  y e s   n o___
I f  y e s ,  M h a t:____________________________________________________________________________
1 2 )  A re y o u  t a k i n g  a n y  m e d i c a t i o n s ?  y e s   n o ___
a )  p r e s c r i b e d : _____________________________________________________ (?BC pills?)
b ) s e l f - s e l e c t e d : ______ ___________ ______________________________(?Tums, Rolaids?)
1 3 )  W ould y o u  l i k e  a  r e m in d e r  c a r d  i n  t h e  m a il b e f o r e  t h e  s t a r t  o f  your next 
d i e t  s u r v e y ?  y e s   n o___
F e m a le s  o n ly :
Appendix A. Volunteer Questionnaire.
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STATEMENT Or COMPLIANCE
S p ecia l I n s t itu t io n a l Assurance in  Connection 
w ith  S in o le  P ro jects InvoTvino Human 
' ’ S u b jects "
The U niversity of Alaska w ill comply with the policy for the protection 
o f human subjects participating In projects or a c tiv itie s  supported by grants 
and contracts made by the Department o f Health, Education and Welfare. This 
p o lic y  requires a review independent o f the investigator or director to safe­
guard the rig h ts and welfare o f these subjects. An in it ia l  review o f the 
ap plication  for a grant or Contract identified  as
_______ Seasonal Variations in Serum Vitamin D and Calcium Levels in a_______________
_______ Fairbanks Community: Relation to Variations in UV Radiation and Diet________
submitted by th is  in stitu tion  on behalf o f M e r e d i t h  g .  T a i i a s _______________________
________graduate student. Dept, of Biology. Institute of Arctic Biology_______________
________University of Alaska, Fairbanks, Alaska 99701______ (907) 474-7164___________
in d ica tes that:
(1 )  In the opinion o f th is committee the risks to the rights and welfare
o f  the subjects in th is project are:
- t h o s e  r i s k s  a s s o c i a t e d  w i t h  v e n i p u n c t u r e  i n e l u d i n g  s l i g h t  p a i n  a n d
possible temporary discoloration at the venipuncture site______________
-those risks associated with collection of data on personal"dietary
and behavior habits of the volunteers, problem of confidentiality
and anonymity when data is presented and published
The conmittee states that adequate safeguards against these risks 
have been provided as follows:
-the blood samples (15 cc.) will be drawn by an experienced technician,
a phlebotomist
-sterile dispnsihle vanita-i ner t.nhes and needles will he used___________
-data collected from subjects will be kept confidential and the data 
which is made public will not include su.lects names: sub.lects will
remain anonymous___________________________________________________________
(2 )  In the opinion of the committee the potential benefits of this activity  
to the subjects outweigh any probable risks. This opinion is  ju stified  
by the following reasons:
-by obtaining measurements of seasonal variations in serum 25-(0H) vitamin D
and calcium, a better understanding of man's ability to maintain optimal 
vitamin D and Ca nutritional status during months of low light intensity
Appendix B. Human experimentation committee approval forms.
will be obtained. If evidence of low vitamin D o r .calcium intakes is
found and affects the blood picture adversely (when compared to norms 
for healthy individuals at lower latitudes) then appropriate recommen­
dations will be made to correct these nutrient deficiencies. These
recommendations could lead to the overall improvement of the nutrltl- 
tional status of Fairbanks residents and others living at comparable 
or higher latitudes._____________________   "______ ■
(3 )  In the opinion of the committee the following informed consent pro­
cedures w ill be adequate and appropriate:
Written consent will be obtained from each volunteer (see proposed
consent forms attached). Information collected from each volunteer
will be published when nescessary but subjects names will not be used.
Each subject will be given a number code for the purpose of filing
and tabulating data and analyzing samples.
(4 )  The committee agrees to arrange for a continuing exchange of infor­
mation and advice between i t s e l f  and the investigator or director  
particularly to deal with proposed changes in  project or a ctiv ity  
design or with emergent problems which may a lter  the investigational 
situ a tio n  with regard to the criteria  cited above. This exchange 
w ill be implemented through:
-a required committee review of any departure from approved protocol 
-a report following one year from the start of the project_____________
(5 )  The sionotures, names, and occupations or t i t le s  o f  the members of  
the committee are lis te d  below.
(X. QjutbuJ!
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t. a ir.fr
Name
t.amfr
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Date of.Committee Approval_
I ce rtify  that this review was carried out in accordance with the 
provisions of DHEW policy.
(6 )  O fficial signing for Institution
Signature 
Sautes K. QtoaU-
Name
'Professor e -f Hbdtcal Scietice- 
Title
■(JmtV&rsriy o f'A laska-_____
Instituti On
. I l f 0-1__
fo r t )  *W h- */)XO __________
Telephone number 
Date ./ / J k i l o / ^ 3 _________
Appendix B. (cont.)
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UNIVERSITY OF ALASKA 
Institute of Arctic Biology ’
VOLUNTEER'S CONSENT FORM
Research Project Title: Seasonal Variation in Serum Vitamin D and Calcium Levels in a Fairbanks
Community: Relation to Variations in UV Radiation and Diet
Research Procedure Description: Fifteen ml. (h fl. ounce) of blood is requested from each
volunteer to be drawn by an experienced technician (a phlebotomist) from a 
vein in the arm. Sampling will be done at the beginning of each month, 
during the morning hours only beginning in September 1983 and continuing 
for 12 months, through August 1984. Fasting blood samples are preferred.
Volunteers will be given diet history and outdoor activity charts on 
which to keep record of total foods consumed and outdoor activity for the 
three-day period before blood sampling is scheduled.
The blood samples will be analyzed for serum 25-(OH) vitamin D and 
total calcium and compared to calculated dietary Intakes for these 
nutrients. Serum nutrient levels will also be compared to estimated 
sunlight exposure as calculated from activity charts.
Procedure Demands: 1) Blood test: the monthly venipuncture required could cause slight pain
and possible temporary discoloration at the venipuncture site. 2) Diet 
and Outdoor Activity Records: Information collected monthly from these 
charts, as well as blood nutrient data will be kept with the principal 
investigator. Records bearing volunteer's names will be secured in locked 
file cabinets accessible only to the principal investigator. Publication 
of the results of this study will not include volunteer's names.
AUTHORIZATIONS
The nature and demands of the study have been clearly explained to me and I understand and 
accept the hazards involved. I also understand that if some unforeseen complication occurs, it 
too, is considered to one of the hazards of being a volunteer. Furthermore, I understand that I 
may withdraw from the study if I find that I am unable to continue.
Volunteer’s Signature:____________________ ______________________
Date:
I have carefully explained the nature, demands, and foreseeable risks of the above study to 
the volunteer.
Investigator’s S i g n a t u r e : __________________________ _
Date:___________________
Volunteer Identification:
Mama     Volunteer’s Assigned #_______________ _
Mailing Address __________________________________________________   Zip Work Phone____________
Home Address  ________________________________________________ Zip Home Phone________
Birthdate____________________ A g e _________  S e x _______________Occupation_________________________________
Race: 1) Caucasian 2) Black 3) Eskimo 4) Indian 5) Ocher__________________________
Appendix C. Volunteer Consent Form.
Sunlight Exposure Record
Name:______________________________
Did you go on any vacations this month? yes □  no □
If yes, w h e r e : ______________________ _______ _____ _______________________
How long:_____________________________ ___ ________ __________
Heather Portion of
Time of Conditions Minutes of Skin Exposed 
Date Day (see code # below) Exposure (use code # below)
Weather
Coding:
Cloudy = 1
partly cloudy = 2
sunny = i
Code # for Portion of Skin 
Exposed to Sunl iqfvt:
0 * no skin exposed
1 = face exposed
2 = hands & face exposed
3 = arms & hands & face exposed
4 * legs & arms & hands & face exposed
5 1 sun bathing with bathing suit
6 * nude sunbathing
7 * other — explain with description
Appendix D. Sunlight Exposure Record Form.
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[Don't forget to indicate the brands of margarine, cereal, and bread you 
are eating if possible...thanks]
FOOD AND BEVERAGE DIARY
NAME:
DATE:
WHERE
TIME OF DAY EATEN FOOD ITEM FOOD PREPARATION AMOUNT EATEN
Did you take any vitamin and/or mineral supplements today?  yes  no
If you did, what kind did you take: ___________________________________________
Appendix E. Food and Beverage Diary Forms.
